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INTRODUC T ION 
During the past three years the writer, while investigating 
· bagasse as a fuel, has made a nunibn of boiler tests with oil as 
fuel. This bulletin is issued for the purpose of giving the 
results of these experiments in accessible form. Although the 
proper utilization of bagasse as a fuel is of great importance, 
efficient oil burning is no less important ; in fact, there is little 
doubt but that the fuel losses in sugar factories are as often 
due to inefficient oil burning as to inefficient bagasse burning. 
The problem of oil burning in a sugar factory is, in general, 
llluch the same as for any other plant, although there is one 
Phase which is peculiar to the sugar factory, and that is the 
lllatter of burning the oil in the same furnace with bagasse. 
Whether it is better to burn the oil by itself in a furnace 
especially suited to oil burning or in the same furnace together 
with bagasse is a question not defiD:itely known, some of the 
lllost intelligent engineers disagreeing as to this point. The 
:Writer has been to some pains to get data as to the practice 
in this r egard in the sugar houses of Louisiana, especially from 
those having the best fuel records, and has found that some of 
these burned oil with and some separate from the bagasse. In 
some of the tests that have been made especial attention has 
therefore been given to the securing of data that might be of 
assistance in deciding as to the relative merits of the two 
lllethods from the standpoint of economy. The term efficiency 
as used in this connection means the proportion of the heat 
generated by the combustion of the fuel which is actually ab-
sorbed by the boiler. For instance, suppose the heat value of a 
P?und of oil to be 19000 B. T. U. and that for each pound of 
oil burned fourteen pounds of water are evaporated from and 
at .212 degrees. As each pound of water thus evaporated re-
quires 970.4 B. T. U. (latent heat of vaporization ), 970.4X14= 
13585.6 B. T. U. is the heat delivered to the boiler for each 
Pound of oil burned- that is, for each 19000 B. T. 'l!· generated 
by the combustion-a~d the efficiency would be lOO X 1 ~~~~6 = 
7
i.53 , Another way of putting it is that with an efficiency of 
4 
100% there would have been an evaporation of t
9ooo = J 9.5 
Hi0.4 
pounds of water from and at 212 degrees per pound of oil 
burned. In the same manner the efficiency of a boiler using 
coal as fuel may be obtained, the heat value of the coal and the 
water evaporated per pound of coal being required. The former 
is obtained by means of a fuel calorimeter or by calculation 
from a chemical analysis and the latter by means of an evapora-
tive test of the boiler in which the coal and the water are weighed. 
The calorific value of oil is much higher than that of cpal, 
pound for pound, the latter ranging from 16000 B. T. U., for the 
best semi-bituminous coal, to 10000 B. T. U. for the inferior 
grades of bituminous coal. The calorific value of oil depends 
upon several factors, principal of which are locality of origin, 
specific gravity, moisture contained, and whether crude or fuel. 
For example, the Californja crude oils have a calorific value in 
~he neighborhood of 18000 to 18500, while Texas and Louisiana 
oils are in the neighborhood of 19500 B. T. U. At first thought 
it would seem that the oils with the lowest specific gravity-
that is, lightest-would have the highest heat value because of 
the greater oiliness. This, however, is not the case, as is shown 
by the curve in Figure A from tests made by· Professor 0 'Neill 
on fuel oils. ''Crude oil'' is the product taken directly from 
the oil wells and ''fuel oil'' is the technical name for crude oil 
from which some of th e lighter oils (mainly gasoline) have been 
removed in the refinery. Fuel oil has a higher specific gravity 
than crude oil for this reason, and its heat value is practically 
the same pound for pound. 'fhis is somewhat contrary to the 
common belief. Of course, it goes without saying that any 
moisture in oil will reduce its heat value per unit of gross 
weight. Crude oil is more likely to have moisture in it than 
is fuel oil for the reason that in the refining process which 
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li'IG. A. RELATION BETWEEN SPECIF I C GRAVITY AND B . T. U. 
FOR HEAVI ER FUEL OILS (ANHYDRAUS) . • 
. In general, it may be said that boiler s with oil as fuel have 
higher effi ciency than those with coal as fuel. This is due to the 
greater ease of burning the former without the losses which are 
lllore or less unavoidable in coal burning. These losses consist 
lllainly of those due to incomplete combustion andexcessair. With 
coal burning, the fuel is generally fed to the :fire intermittently so 
that there is not a uniform condition as to thickness of fuel bed, 
telllperature of fire, etc. The intermittent opening of the fire 
door, with the consequent inrush of cold air, also militates 
against complete combustion. On account of the lack of uni-
forllJ.ity in the thickiiess of the fire and in the character of the 
fuel itself, certain portions of the fuel are very difficult of 
access by the air and in order to insure a sufficient admixture 
?f fuel and air a quantity of air much in excess of that theoret-
ically r equired has to be supplied. This " excess air" has to 
have its temperature raised to that of th e stack and this, of · 
6 
course, requires heat which should have been used in evaporating 
water, and thus the efficiency is reduced. In coal burning there 
is also danger of incomplete combustion, due to the fact, even 
when "excess air" is supplied, that there are still portions of the 
fuel bed so inaccessible as to not get sufficient oxygen for the 
formation of C02 • In oil burning, there being no thick bed of 
fuel and with the fuel thoroughly atomized, there is every 
facility for perfect admixture of all the air admitted and so 
complete combustion with the least possible ''air excess'' is 
secured. For example, in burning coal it has generally been 
considered necessary to furnish air 100% in excess of that 
theoretically r equired, whereas with oil burning it is not unusual 
in practice to find 40% air excess and under, modern practice 
seeming to make this as small as possible. This can be done 
by properly closing all cracks and other openings in the boiler 
setting and by flue damper regulation. In oil burning there is 
also less fouling of the heating surface from soot, etc., than 
with coal as fuel, especially if the coal is of the soft vari~ty. 
For the reasons stated, the efficiency of boilers with oil as fuel 
is higher than that with coal as fuel by an average of 5% or 
more. 75% efficiency ·has been considered good practice in oil 
burning, although many plants have exceeded this figure, some 
going as high as 80% and one, in Ca!ifornia, with 83%. It is 
interesting to note that all of the high records have been accom· 
panied by very low excess air. The following table gives the 
results of tests showing the performance of a number of oil 
burning plants. The data here given were found in various 
engineering journals, mainly of the A. S. M. E. 
Type of Boiler j Calorific I Water Evaporated I Boller 
Value of Oil per pound Oil Efficiency 
I 
1. H . R. T ................ 1 19,456 15.32 (Ave. of 8 tests) 
2. Water tube...... ........ . .. .. .. .. .. 15.4 
78.5 
79.8 
3. Water tube (Redonda, 
Calif.) .............. . 
4. Water tube ............. . 
5. Water tube ............. . 
ti. Water tube .. , .... ... . .. . 
18,184 15.15 (Ave. of 8 tests) 
17,933 14.42 
17,425 14.61 





The above figures show performances better than the average 
and are given to show what may be. accomplished by carrying 
out the proper principles in the design and operation of oil 
7 
burning plants. Most of them are averages of a number of tests 
tnade by reputable engineers. 
It will be of interest to estimate the approximate saving ef-
fected by increasing the boiler efficiency 1 %· For example, let 
Us assume that an equivalent evaporation of 15 pounds of 
Water per pound of oil will give a boiler efficiency of 75%. 
Increasing the efficiency to 76% would result in an equivalent 
evaporation of 15Xl.01=15.15 pounds of water per pound of 
oil, or, to put it another way, there would be a saving of fuel 
.of 1 %. For a factory grinding 60,000 tons of cane per season, 
With an oil consumption of 8 gallons per ton of cane, there 
Would be a saving equal to 1 % of 480,000=4800 gallons, equal 
to 115 barrels of oil. Increasing the efficiency from 75% to 80% 
Would effect a saving of approximately 115X5=565 barrels. A 
'Very much used unit of comparison for judging as to efficiency 
is "pounds of water evaporated from and at 212 degrees per 
pound of oil fired." It should be remembered," however, that 
the evaporative power of a pound of oil depends upon its· 
calorific value and that therefore a given weight of water evap-
orated per pound might show good work for an oil with low 
~eat value but poor work for another oil of high heat value. It 
is evident, therefore, that "boiler efficiency" is the better unit 
for comparison, since it takes account of the heat value of the 
fuel. 
. The all-important question is, What conditions must be met 
in order to secure the highest possible efficiency? Among the 
factors affecting the question may be mentione.d the following: 
1. Completeness of combustion. 
2. Quantity of air in excess of that theoretically required. 
3". Type of burner. 
4. Form and volume of combustion space. 
5. Cleanliness of the heating surface. 
Taking these up in their order, it is plain that arrangements 
lllust be made to supply air sufficient for complete oxidation 
0~ the oil. As already stated, this is not so difficult a matter 
~:h oil as fuel as with coal, although considerable care and 
\ill is required to do this and get the decreased excess of air 
~at i.s possible with oil as fuel. At a recent meeting of the 
lller1can Society of Mechanical Engineers, in San Francisco, 
8 
the subject of oil burning was discussed very fully, ten papers 
being read upon the subject and some twenty engineers entering 
into the discussion. It is interesting to note the great stress laid 
upon the matter of reducing the excess of air to a minimum. In 
.fact, it would seem that the increased effi ciency possible in oil 
burning may be attributed to this, and that most of the factors 
enumerated above have their importance in the manner in which 
they affect this one item. 
As a general proposition, it may be stated that complete 
combustion may be obtained with any burner, provided a 
sufficient quantity 0£ steam is supplied to the burner along 
with sufficient air. The quantity of steam supplled to the 
burner, although it does not affect the boiler efficiency, does 
affect the net efficiency 0£ the plant for the reason that all the 
steam used for atomization is lost as far as any use in the engines 
or for other purposes is ·concerned. Suppose, for instance, in 
the case of the boiler with 71.5 % efficiency . (page -) that a 
quantity of steam equal to 5% of the total steam generated is 
required for atomizing. The net equivalent steam delivered by 
the boiler plant to the mains will be 14X.95= 13.3 pounds per 
d f 'l d h ffi . '11 b 00 H .:-3 x 970.4 poun o 01 an t e net e c1ency Wl e 1 . X 
1 9000 = 
67.9%. This figure is usually termed "Efficiency of the Boiler 
and Furnace.'' The type of burner is of importance mainly in 
this matter of the 'quantity of steam it requires for 'atomization 
of the oil and, in general, any burner will atomize the oil well 
H sufficient steam is supplied to it. Thus the imp'ortance of 
the type of the burner is mainly in the quantity of steam it 
requires for atomizing. On the basis of an equivalent evapora-
. tion of 15 pounds of water per pound of oil, steam for atomizing 
equal to 5% of that generated would be equivalent to 15X.05= .75 
pounds of steam per pound of oil fired and for other percentages 
as shown below. 




Pounds of steam for 
atomizing per 
pound of oil. 
1 ...................................... :..................................................................... .15 
• 2 ............................................................................................................ .30 
3 ............................................................................................................ .45 
4 ............................................................................................................ .60 
5 ............................................................................................................ .75 
6 ............................................................................................................ .90 
7 ............................................................................................................ 1.05 
8 -............................................................................................................ 1.20 
9 .............. : ............................................................................................. 1.35 
10 ............................................................................................................ 1.50 
In the tests made by the U. S. Naval Liquid Board in 190
4 
the steam required for atomizing varied from 1.75% to 10.
81% 
of the total generated. In these tests a large number of differ
ent 
.burners was used. Average good practice seerps to be in
 the 
neighborhood of 3.5 % to 4% for atomizing, although the 
best 
Practice ranges from 1.5% to 3 'fc . At the Redondo plant in C
ali-
fornia the average steam for atomizing in 7 tests was 2.15% of
 the 
total generated. It should be said that the steam used for 
this 
purpose will vary gr eatly with the same burner, depen
ding · 
largely upon its operation. By reducing the st~am r equired for 
atomizing there would be a direct saving in the cost of fuel f
or a 
sugar factory, grinding 60,000 tons of cane, of approxima
tely 
.01 X l1500= 115 barrels of oil per season for each 1 % of decr ease. 
This calculation is based upon an oil consumption of 8 gal
lons 
~er ton of cane. According to the figures given above, there 
ls a difference between the best ·and the worst practice of, 
say, 
~0.5-1. 5=9 %. This would result in a very material difference 
1D the economy of the plant. In addition to the direct 
con-
sumption of steam for atomizing discussed above, there is
 an 
additional loss, which is due to the fact that heat is require
d to 
super~eat this steam to the temperature of the stack. For 
~:x:ample, ~uppose that. an oil .with a ?alorific value of 18,000 
lS T. U. is burned with a boiler efficiency of 75%, therefore 
f ,O?OX.75= 13500 B. T. U. is absorbed by the boiler per pou
nd 
0 
oil fired. An increase of, say, 4% in the steam for atomizin
g 
"'
0uld mean an increase in the neighborhood of .55 pound o
f 
10 
steam for each pound of oil fed and this would have to be 
heated from the entering temperature up to the temperature 
of the stack. The steam as it enters at, say, 100 pounds gauge 
will have a temperature of 340°. Assuming the stack tempera· 
ture to be 500°, the heat required to elevate the temperature is 
.55(500-340) X .48=42.24 B. T. U., a loss which is .31% of 
13500 B. T. U., the heat absorbed by the boiler. 
So far, the effect of the type of burner on efficiency has been 
discussed only from the standpoint of its effect upon the amount 
of steam it requires for atomizing. It is evident ·that that 
burner which atomizes the oil and divides it i:nost finely will 
facilitate most the thorough mixture of the air and the burning 
oil and that this, in turn, will r esult in a minimum of excess 
air, one of the most important requi,sites for efficient oi! burning. 
In fact, the oil must be vaporized-that is, converted into a 
gas-before it is burned and, of course, the finer the division 
accomplished in the atomizing process the more speedy the 
gasification. This vaporization may be aided by either or both · 
of two methods-viz: preheating the oil before it is delivered 
to the burner or by preheating the air used in combustion. 
The former is a common practice, especially where the heavier 
crude oils are used, also during cold weather. By heating the 
oil its viscosity is reduced and this, in turn, aids in atomiza-
tion and vaporization. The heating is generally done by means 
of a heater similar to that used for heating feed water, with 
exhaust steam from the oil pump. Preheating the air for 
combustion is accomplished by carrying it back and forth .under 
the furnace through ducts constructed so that the air absorbs heat 
radiated from the highly heated brick. Another way is to heat 
the air by conveying it from the rear of the setting through 
ducts under the combustion chamber which deliver the hot air 
to the under side of the grate. It is evident that the advantage 
in thus preheating the air is not in the heat added to the air, 
for the heat comes directly from the fire. The only advantage, 
therefore, is in hastening the vaporization process, which, in turn, 
increases the economy by reducing the excess of air necessary 
for thorough combustion. 
The writer bas been unable to secure trustworthy experi· 
mental data upon the economy effected by preheating the oil or 
11 
the air. Preheating the oil, if the temperature is raised too high, 
will cause a decomposition of the oil and result in deposits of 
carbon in the piping and the burner. This will give much 
trouble. If, however, the heater does not raise the temperature 
of the oil above the fl.ash point of the oil there will be no trouble 
from this source. ·Thus the safe temperature for beating varies 
With different oils. Beaumont oil (fuel oil) used in the tests 
by the Navy Liquid Fuel Board had a flash point of 216 degrees. 
Average crude oil from the same fields has a fl.ash point of 
180 degrees. California oil (fuel), used also in the Navy tests, 
had a fl.ash point of 311 degrees and a residium mixture of 
?a~ifornia and Texas oils ·a fl.ash point of 270 degrees. Thus 
1 ~ is clearly shown that fuel oils, from which the more volatile 
oils have been removed, may be preheated to higher temperatures 
than crude oil without trouble from carbon deposits in the 
,supply pipe. 
As already stated, the type of burner has little to do with 
the economy of oil burning. The design of the furnace, however, 
~as :much to do with it-in fact, this feature is of the first 
importance. In the first place, a large volume of furnace is 
ne.cessary. No matter how well the atomizing process is accom-
Phshed by the burner, a certain amount of time is required for 
gasification and a mixture of the air and the particles of fuel. 
~y ~nlarging the volume the time of passage through the com-
bustion space is lengthened. By increasing the time of contact 
etween gasified fuel and the air admitted a better mixture will 
result and less air will have to be supplied. The combustion 
~Pac: may be enlarged by increasing the cross sectional area or 
f Y Increasing the length. Theoretically, these two methods 
~lfill the requirements equally well, provided the volume is 
~ e sarne, as the average time of passage would be the same. 
n other words, a short furnace with a large cross sectional area 
would produce the same effect as a longer furnace with a small 
~ross sectional area. The velocity of the current would, however, 
e .greater in the long, narrow furnace, and, as the frictional 
~esistance varies as the square of the velocity, more draft would 
t \required with this arrangement; also, in the case of horizontal 
~ ular boilers, where the under side of the boiler shell con-
s itutes one wall of the combustion space, the long, narrow 
12 
arrangement will bring a larger proportion of the gases in 
contact "\\ith water-cooled heating surface prior to combustion, a 
thing always to be avoided when possible. On the other hand, 
the entire .combustion space is more likely to be effective in the 
narrow furnace-that is, there is less likely to be short circuiting 
of the gases across portions of the furnace. It may be said, 
however, that the latest practice tends to approve the short and 
wide arrangement. This may be done by increasing the height 
or the width of the furnace, or both. It should be said here, 
however, that there is a limh to the volume which is economical, 
as the radiation losses are increased with increased volume on 
account of the increased area of brick surface exposed to the 
atmosphere. Just what this limit is seems not to have been 
definitely determined. One authority states that the height of 
the furnace should not be less than 6 feet and higher for large 
size boilers. 
With very wide furnaces there is more danger of some portions 
of the furnace being unfilled with gases, due to short circuiting, 
etc., and in some cases baffle walls and arches have been built 
in for the purpose of compelling a thorough filling of the entire 
combustion space, the former by scattering the flame and the 
latter by holding the flame in the front part of the setting. 
Present practice seems, however, not to favor these adjuncts, 
the burner being depended upon, by its fan or cone shaped 
flame, to diffuse the gases through the entire space. It is 
important in designing an oil furnace to arrange so that the 
flame is well distributed over the heating surface and that no 
part of the latter is subjected to intense local jets of flame, as it 
is very easy to injure the metal materially in this manner. This, 
in fact, is one of the harmful effects which result from the baffles 
and walls mentioned above. One of the most effective and 
satisfactorty arrangements is to have the floor of the furnace 
gra9-ually slope upward from the front of the furnace to the 
bridge wall, in some cases paved and smooth and in other cases 
made of brickbats piled loose. Either of these constructions 
throws the flame to the heating surface and at the same time 
at such a small angle as to insure against local impingement of 
:flame. This arrangement aids also in fulfilling another require-
ment for efficient oil burning-viz: that the combustion take 
13 
?lace in a space surrounded with fire brick. This brick becomes 
incandescent and the heat radiated from it aids materially in 
the gasification of the fuel in the quickest possible manner . 
. Raving a properly designed furnace will not secure the 
highest efficiency unless the air supply to it is carefully regulated. 
In fact, it would seem that this is of most importance. The 
front of the furnace-in fact, the whoie setting-should be air 
tight with air openings so arranged as to be easily regulated. 
If the air is admitted through the draft doors their position 
s~oul.d be carefully adjusted so as not to give too much or too 
little air, the greatest cause of loss being in the former. Many 
-in fact, most-of the smoke stacks used with oil burners in 
the sugar factories were formerly used for coal burning, the 
~eight of the stack being made to suit that fuel. The result 
is higher stacks and greater draft than is necessary for good 
~conomy. One expert in oil burning cites a case where the stacks 
in a large plant were blown down, only 35 feet being left, and 
!e~ the load was easily carried. With a given stack and furnace 
1~ is, of course, possible to regulate the air supply in two ways-
"1z: by regulating the pressure in the furnace by manipulating 
a .damper in the stack or flue, or by regulating the amount of 
air opening at the front of the furnace. Theoretically, either 
should be effective. Actually, however, the latter method is apt 
to be more or· less unsatisfactory for the reason that with this 
tnethod the vacuum in the furnace and setting is high and that 
~here will be air leakage through small cracks and through pores 
in the bricks themselves, a leakage which is quite material unless 
the setting is unusually close. A better way, therefore, is to 
regulate by manipulating the flue damper. 
1 One a
uthority states that a draft of .1 inch of water in the 
ast Pass of a water tube boiler is sufficient for the best economy, 
and that with :5 inch draft a loss of at least 10% in fuel may 
easi ly result. 
To summarize, there are three main es$entials for the best 
results in oil burning-viz: (1) a furnace with proper design 
as regards volume of combustion space and distribution of gases 
on the h t• . ea mg surface; (2) complete control of the air supply, 
andl (3) thorough atomization and gasification of the fuel as 
ear · 
Y in the process as possible. 
TESTS AT SMITHFIELD. 
During the months of May and June of the present year 
(1911) a series of 23 evaporative boiler tests were made upon a 
horizontal return tubular boiler during the sugar drying season 
at the Smithfield factory. The objects of the tests were (1) to 
determine the relative value as regards economy of several 
forms of furnaces, most of them in common use in suga~ factories, 
and (2) to obtain some data regarding the proper draft with 
these different forms of furnaces. The boiler used, as stated 
above, was of the horizontal return tubular type, 72 inches by 
18 feet, with 80 4-inch tubes. With the exception of the' last 
two, all the tests were made with a Higgins burner. The furnace 
and setting shown in Figure I is the regular setting used on 
all the oil burning boilers in the factory. The setting was 
unusually close, as was also the breaching connecting the front · 
of the boiler with the stack. The draft was supplied by means 
of a single stack ····- inches by ...... feet in height, which supplied · 
draft for a battery of three boilers, one of which was used in 
making the tests. Reference to Figure I will show that the · 
setting was arranged so that the air for combustion could be 
supplied to the under side of the grate through a long duct frorp. 
the back end of the boiler setting. This duct, behind the bridge 
wall, was covered over with brick loosely thrown in, the object 
being to preheat the air before it reached the burner. The end 
of this duct was arranged so that the amount of opening could 
be controlled or closed. In this setting the draft doors were 
tightly closed by means of brick and mortar. The fire doors 
were closed in the same manner, excepting for two openings 
of about 2% inches by 4% inches in each, which were used as 
peep-holes, but which, when the boiler was in operation, were 
entirely closed by the insertion of bricks. Thus the entire front 
of the furnace was closed, all the air admitted coming from the 
rear of the setting through .the brick duct. The air thus delivered 
to the under side .of the grate was admitted to the furnace above 
through an opening 4 inches wide between the front of the grate 
and the front of the furnace wall, the grate, with this exception, 
being solid. The grate bars were covered with two layers of 
fire brick laid flat. In this way there was no possibility of air 
:flowing into the furnace except through the 4-inch opening at the , 
15 
front. On this fl.at surface bricks were thrown in loose so as to 
give a gradual slope from near the front of the grate up to 
the top of the bridge wall. With the tests made on this setting, 
as with all the others, the draft was regulated by means of a 
damper in the flue leading to the stack. 
The same boiler and the same general arrangement as that 
shown in Figure I were used in all the tests, the other settings 
being modifications, most of them slight, of this one. In general, 
the means for determining the relative merits of the different 
settings was that of the evaporative test, the feed water and oil 
burned both being measured. The tests were made with five 
different furnace arrangements,· designated further on as Settings 
1 to 5. With one exception, several tests were made with each 
of these settings, the draft being changed in each test by means 
of the flue damper, so that the effect of draft on economy could be 
?tudied. Thus it will be seen that the only two variables sought 
in the test were furnace arrangement and draft, although, in 
fact, another one crept in inadvertently-vjz: variable load, this 
being made necessary by factory conditions. In fact, this caused 
the results to be less positive than would have been the case with 
absolutely steady loads. The observations taken and the methods 
used in the tests with all the different settings were the same in 
a general way. The feed water was measured by means of two 
calibrated tanks, each discharging alternately into a third bmk, 
from which the feed pump drew the water and discharged it 
through' a closed heater to the boiler, a separate pump being 
used for the test boiler. The oil supplied to the test boil~r was 
weighed also by meaIJs of a single calibrated barrel which dis-
charged into a second barrel connected to the suction pipe of the 
oil pump, a separate oil pump being used for the test boiler . 
. A. composite sample of oil was collected for each test which 
was afterward used in determining the specific gravity and 
heat value. Analyses were also made of these samples. The 
observations of the weights of oil and feea water were made in 
such a mann er as to make it possible to divide the tests into 
~arts of one hour each. · Calorific tests of the oil were made 
in the laboratory, the results being given further on. Crude oil 
was used in all the tests. The weight of steam for atomizing 
the oil in the burner was determined by means of · an orifice 
16 
test apparatus which consisted mainly of a 4-inch pipe with a 
diaphragm at its middle with a 2- inch round hole in it. The 
16 
steam for atomization entered at one end, passed through the 1
7
6 
inch bole in the diaphragm and out of the other end through a 
1h-inch pipe to the burner. On account of the expansion, the 
pressure was always less on the leaving side of the diaphragm 
than on the entering side. Pressure gauges were connected to 
both sides of the diaphragm, in this way making it possible to 
measure the drop in pressure in passing through the orifice! 
the flow of steam through the orifice being proportional to the 
difference in pressure. This furnished a means of determining 
the weight passed through. After the boiler tests were con-
cluded this orifice apparatus was attached to a surface condenser, 
the average pressure conditions on each test reproduced and 
the steam passed through the orifice condensed. In this way a 
thoroughly accurate measurement of the steam used for atomiza-
tion w·as made. The only sources of error in this form of measure-
ment would be that due to the impossibility of ·having the same 
moisture in the steam while calibrating that existed while the 
boiler test was being made. This condition during calibration 
was so nearly equal during the tests that it is thought little error 
resulted. A better way of measuring steam for atomization would 
have been to supply this steam from a separate boiler and to 
have n;i.easured the feed water supplied to it, but as there was 
no boiler of size suitable for this purpose, it was decided to 
use the orifice method described above. For flue gas analyses, 
continuous samples of the flue gases were taken during the 
entire time of each test. This was done by the displacement 
method, using a bottle with three gallons' capacity. Individual 
samples were also taken occasionally for the purpose of checking 
the continuous samples. 
Flue temperatures were taken with a 1000 degree Fahrenheit 
mercurial thermometer in a bath of cylinder oil. A 1h-inch pipe 
was plugged at one end and filled with suitable oil. This pipe • 
was then suspended in the flue and the thermometer inserted 
in same. Furnace temperatures were taken by means of a 
Bristol thermo-electric pyrometer. The draft (vacuum) in the 
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flue, furnace and ash-pit was determined by means of two Ellison 
differential draft gauges graduated to read to .01". Observations 
Were also taken by which to determine the humidity of the 
atmosphere, a psychrometer being used for this purpose. The 
atmospheric pressure was observed by meRns of an aneroid 
barometer. The steam pressure gauge, also the two gauges used 
With the steam orifice, were calibrated by means of a test gauge. 
. In making the tests the following observations were made 
at intervals of twenty minutes throughout: temperature of 
furnace, flue, feed water, fire room, and oil; draft in flue, 
~urnace and ash-pit; boiler pl'essure, barometer and pressures 
in the orifice test appar11tus. The other ol1servations were made 
at less freqnent intel'Vnls. It was not possible to measure the 
temperature to which the preheated air was rRised. The oil 
supplied to the burner was not preheated so that its temperature 
Was practically that at the measuring barrel. 
No tests were started until conditions were entirely settled, 
the furnnce having been, in all eases, fired for at lNtst two or 
~hree hours prior to the beginning of the test. As will be shown 
in the data from the different tests, the boiler flues wer~ blown 
out with compressed air often enough to insure thorough cleanli-
ness. The boiler was washed out with Hydra-Pura several times 
during the series of tests. It will be noted that the duration 
of each test was in tl1e neighborhood of five hours. It may be 
thought by some that this is rather short, but it should be 
remembered that the necessity for long tests is mainly hecause 
of tl1e errors arising from inaccuracy in water measurements 
and that due to the impossibility of accurately gauging th.e 
Weight of fuel on the grate at starting where solid fuels are 
used. If the water level is unsteady at the beginning or ending 
~·f the test, there is room for considerable error. In the cnse of 
1
1q~id fuel, however, the case is different, there being no accumu-
ation of fuel on the grate at the beginning or en<ling of the test, 
so that this source of error is removed. In the tests under 
consideration, very cRreful attention was given to the matter of 
Water level, no tests being started nor stopped except when the 
;ater level was steady. It is thought, therrfore, that under 
ese conditions the :five-hour tests were sufficiently long for 
accurate results. 
'I'he draft was determined entirely by means of the draft 
~auges, no attempt being ma:de to record the positions of the 
ue damper. A considerable amount of time was given to ----
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preliminary tests made for the purpose of giving those in charge 
familiarity with the operation of the burner and with the 
·effects produced upon the color of flame, length of flame, velocity 
of flame, noise made by burner, approximate economy, etc., when 
various changes in the mode of operation were made. Only a 
short time was required to determine in this manner the condi· 
tion approximating the best economy. The smoke stack was 
:watched constantly for smoke, this being especially necessary 
in tests with very low draft, no smoke being allowed continuously 
even with these low draft tests. 
The work of carrying on the tests was carried out by three 
men who were constantly in attendance, two being required to 
take .observations from the i~struments, measure feed water, 
etc., and the other, Mr. H. A. Nadler, to whose faithful and 
efficient attention much of the success of the tests was due, 
having charge of the operation of the furnace and boilers, as 
well as general supervision of the work. He was assisted by 
'T. S. Sligh, a r ecent engineering graduate of L. S. U., and Alvain 
Roberts. 
DATA FROM TESTS. 
SETTING NO. 1. 
Tests 1 to 8, inclusive, were made with this setting, which was 
theregulararrangement used in all of the furnaces for oil burning 
in the factory. Figures 1-a and 1-b show the general view of 
this setting. It will be seen that the iron grate bars were 
covered with two layers of brick laid fl.at so that no air could 
enter the furnace except through the opening 4 inches wide 
at the front, the grate bars ·being left uncovered at this point. 
This opening extended the entire width of the grate except 
about 18 inches at the middle. The air for combustion was 
:supplied through two brick ducts, each 8 inches square, from 
the back end of the setting, as shown in the drawing, the object 
·Of which was to preheat the air which was thus delivered to tho 
-under side of the furnace floor. In order to do this the front 
·Of the furnace was entirely closed during operation except for 
-certain tests, attention to which will be called later. It should 
be noticed that loose bricks were thrown on the grate in' such 
a manner as to give a gradual slope from near the front of the 
furnace to the top of the bridge wall, the object of which was to 
prevent the flame from impinging locally upon the metal of the 
~boiler. It should be noted also that the space back of the bridge 
·wall was filled with bricks · thrown in loose. 
J 
/0~0- "---------M~--­
' ,. . I 
!i-0--.""'~ 
FIG. 1-4. LONGITUDINAL SECTION, SETTING NUMBER 1. 
II 
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FIG. ls. CROSS SECTION, SETTING NUMBER 1. 
CONDITIONS UNDER WHICH 'l'ESTS WERE MADE . . 
l>ETTING NO. 1. 
Test 1.-In charge of regular fireman. Furnnce fired accord· 
ing to the regular factory method. No smoke was al-
lowed. Load fairly steady. 
Test 2.-Heavy long flame. Damper wide open. Holes in ash· 
pit doors completely closed. Air from bnck of setting. 
Test 3.-Smoky rolling flame. No smoke from stack. Air holes 
at front of furnace entirely closed, all nir coming from 
rear of setting. Damper as close as possible without 
smoke. Flame very long, reaching to rear end of 
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boiler. Steam valve on burner wide open. Heavy 
load. 
Test 4.-Long heavy yel1ow flame. Damper wide open. Velocity 
of gases apparently very high. Air openings at front 
entirely closed. Air supplied from rear. 
Test 5.-Draft slightly less than in Test 4. Steady load. As 
little steam used as possible. Whitish yellow flame at 
front ending with blue at rear. Damper regulated to 
give best possible results. 
Test 6.-In previous tests the burner threw most of flame to 
left side of furnace. In this test the nozzle of burner 
was changed, giving slightly better distribution of 
flame. Fire rolling and completely filling combustion 
chamber, reaching to back passage and flues. 
Test 7.-Air ducts from rear closed. Air for combustion from 
an opening of one square foot in ash-pit door. The 
air was, therefore, not preheated. Damper wide open. 
Flame white and very short. No flame back·of bridge 
wall. 
Test 8.-Conditions same as in Test 7, except that damper was 
regulated as in Test 5 to give best possible results. 
After tbe burners were set the dampers were closed as 
tight as possible without filling the setting with rolling 
flame. Fire allowed to roar slightly. 
TABLE 1. 
OBSERVED AND CALCULATED DATA. 
SETTING NUMBER 1. 
1. NUMBER OF TEST ••••••••• • ••••••.• •• •• •• •• •••• • •• . • •• •••• •• 
2. DATEI OF TEST •••••••••••• ••• •• •••• ••. •••• ••• ••••••••••• ••• • 
3. DURATION OF TEST (HOURS) • ••••••••••••••••••••••••••••••. 
4. Total weight ot oil flred ...•..............•..••.... ......... 
5. Total water fed to boiler, pounds ..... ..... ....•... . ... ...... 
6. Total water eyaporated, pounds ............•......... .. ... . . 
7. Total equivalent evaporation, F. and A. 212°, pounds .... .. .. . . 
8. Factor of evaporation ........•.. • .........•..... .. ..... .. .. 
9. on burned per hour, pounds ....... . ...••. . . .. •......... .... 
10. Water actually evaporated per hour, pounds .. .. . . ...... . ... . 
11. Equivalent evaporation F. and A. 212° per hour, pounds . . . . .. . 
12. Equivalent evaporation F . and A. 212° per sq. ft. H. S. per hour . 
13. Steam pressure, gage ...... . ..........•................. . ... 
14. Temperature, feed water .•...... . ...........•........... .... 
15. Temperature, flue gas ...•........................ .. .... ... . 
16. Temperature, furnace ...•..•... .•................ : ..... . .. , 
17. Draft, ash-pit. inches water ..........................•..... . 
18. Draft, flue, Inches water .•.........•...•......... .. ....... .. 
19. Draft, furnace, Inches water .......... .•.....•.... ... ..... .. 
20. Quality ot steam, per cent dry .....•...............•........ 
21. Horse power developed • •.•.............................• ... 
22. Per cent of rated H. P .•..••.....••...•...••...•..•.••. .•... 
23. Actual evaporation per pound oil, as flred .•••.•..•....••.... 
24. Equivalent evaporation F. and A. 212° per pound oil .•••. , .... 
25. Pounds steam to vaporize oil per hour ••.•••••••••••••••••... 




9.0 \ 9.0 \ 5.0 \ 5.0 I 6.0 I 5.0 I 5.5 
-~,--,'----'-i--'-----'--- .'--1-
1527 I 2930 3198 1952 165a 2~25 1440 1510 
21383 I 45412 43111 28996 25950 32610 18404 24020 
21250 I j5100 43600 28980 25820 32500 183b· 23970 
21970 46250 43700 129600 27600 33600 190.00 24720 
i.026 I i.025 i.026 i.022 i.o.s i.032 i.o31 i.032 
2s6.5 I 332.5 355 386.4 330.6 388 288 285. 1 
3990 I 5010 4870 I 5~98 5165 5420 3682 4352 
4110 5140 4995 6935 5315 5600 3800 4498 
2.34 I 2.925 I 2.842 I 3.38 3.03 3.1 9 2.16 2.56 
74 81 70.9 76.2 I ' 88.2 I 88.4 88.5 85.3 
215.51 215.0 214.2 214.0 213.1 213.2 214.8 214.1 
402.15 401.6 449.2 465.8 I 454.5 463.5 461.0 476.o 
1460 1560 1238 1750 1644 1540 1528 1713 
. ..... · 1 .093 .035 .100 .066 .062 I .o9o .o4o 
.117 .224 .092 .32 .175 .162 .282 .11 
.089 .164 .102 .251 .134 .132 .227 .11 
99.51 99.2 99.5 99.6 99.6 99.6 99.6 99.6 
119 149 144.8 172.0 154.0 162.2 110.0 130.1 
81.5 102 91.1 117.6 105.61110.0 75.3 89.3 
14.0 I 15.05 13.72 14.98 15.63 13.95 12.8 15.26 
14.35 15.41 14.06 15.32 16.l 14.41 13.2 15.75 


















Per cent of total steam generated. Used to atomize oil........ 2.89( 5.48 
co,. per cent .................•........... •. ..... • .•... .. • ! 7.0 7.6 
O. per cent................................................ 10.8 10.2 
CO. per cent. . . ................. . ..... ......... .. ......... . 0.0 · 0.0 
Use ful evaporation per pound o! oil, pounds.... . . . . . . . . . . . . . 13.95 14.5 
Boiler efficiency... . . . . . . . . . . . . . . . • . . . . . . . . . . . . . . . . . . . . . . . . . .71.6 { 76.6 
B. T. U. per pound oll as fired.. . ...... ....... ... .... ... ... .. 19465 19465 
Per cent used to evaporate water in boiler ............. .. ... ·1 71.6 I 76.6 
Per cent lost in dry chimney gases........ . ................. 11.1 I 10.81 
Per cent loss due to CO.................................... 0.0 0.0 
Per cent used to superheat atomizing steam.................. .14 J .30 
Loss due to moisture .or formation.......................... 6.84 I 6.8 4 
Per cent loss due to radiation............................... 10.37 J 5.65 







Temperature of boiler room................................. 87.8 
Pounds steam for atQmizlng per pound oil. . . . . . . . . . . . . . . . . . . .403 I .902 
6.15 '" ! .... ( ... 8.4 6.4 • • • • • • • 9.7 
8.0 11. 7 . • • • • • . 7. 7 
0.0 o.o . . . . . . . 0.1 
13.2 14.75 I 15.08 ia.79 
70.3 '16.3 • • • • • . • 71.8 
19465 19465 19465 19465 
70.3 76.3 71.8 
10.4 14.5 9.2 
o.o o.o o.o 
.39 .18 .21 
7.3 1.1 7.0 
11.6 z.o 11.8 
65.9 I 124.0 53.8 
86.0 . 82.0 81.8 83.7 




















SETTING NO. 2. 
The most common method is to admit all of the air in oil 
burning at the front of the furnace in such a manner that the 
air enters in currents practically parallel to the current of fuel 
issuing from the burner. As the atomization and gasification of 
the fuel is incomplete immediately after its issue from the burner, 
it would seem that admission of air toward the back end of the 
furnace should be advantageous, especially if it could be injected 
across the current of gases so as to facilitate mjxture of gases 
and air. With this in view, Setting No. 2, as shown in Figure 2, 
was arranged so as to admit air through the furnace floor just in 
front of the bridge wall. For this purpose all of the loose brick 
was removed, leaving the grate covered with a smooth, fiat layer 
of fire brick, though just in front of the bridge wall these bricks 
were left sufficiently far apart to give . seven holes 1h inch 
by 8 inches. · The 4-inch opening between the ash-pit and the 
furnace was provided as in Setting No. 1, so that air entered 
at this place as well as through the grate at the back. In other 
respects the setting was the same as No. '1, the air being pre-
heated by its passage from the rear of the setting. Upon starting 
the burner with the arrangement just described it was found 
that too much air entered at the bridge wall and that the flames 
were directed by the bridge wall against one spot on the bottom 
of the boiler shell. To remedy this the holes in the grate at 
the back were gradually closed during preliminary runs until 
the only air which entered at this point leaked past bricks which 
were laid flat over the holes. The result was that the quantity 
of air entering at this point was comparatively small, though 
the flames were still thrown almost perpendicularly against the 
boiler shell. This latter was remedied by throwing in a small 
quantity of loose brick, as shown in Figure 2. This arrange-
ment was not considered of sufficient merit to continue tests 
on it, the result being that only one test, No. 9, was made. 
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FIG. 2. FINAL ARRANGEMENT, SETTING NUMBER 2. 
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CONDITIONS UNDER WHICH TEST WAS MADE. 
SETTING NO. 2. 
Test 9.-The :flame hugged boiler all the way back. 
flame above bridge wall. White flame in 
bridge wall. 
TABLE 2. 
OBSERVED AND CALCULATED "DATA. 
SETTING NUMBER 2. 
Heaviest 
front of 
1. NUMBER OF TEST • • •.••••••••••••••• • · • • • • • • • • • • • • • • • • • • • .1 ·-----9 
2. DAT.E OF TEST ••• ••••••• ••• , •• •• •.•.•••• , • . ,, •••• ,, ••• , •• • l 








































Total weight of oil fired, pounds .............. ... ...... ... . 
Total water fed to boiler, pounds ........... . .... ...... . · .. . 
Total water evaporated, pounds .............•...... . ...... 
Total equivalent evaporation, F. and A. 212°, pounds .... ... . 
Factor of evaporation .................................... . 
Oil burned per hour, pounds ...•.. · ..•....... ." ........ ... .. . 
Water actually evaporated per hour, pounds .. ... ..... .. ... . 
Equivalent evaporation F. and A. 212° per hour, pounds .... . 
Equl valent evaporation F. and A. 212 ° per square foot H. S. 
per hour, pounds . ...........•......................... 
Steam pressure, gage . ....•..........•.......•.•......•... 
Temperature feed water .... ... .•... ... ......... ... ........ 
Temperature flue gases . .................................. . 
Tcmperatur furnace .. ........ ... ...... . . .. ..•. .. .. . ....• 
Draft, ash-pit, Inches water .. ... ................. · ........ . 
Draft, flue, Inches water ... .......... ........ .. . ........ •. 
Draft, furnace, Inches water . . ..... .. . .......... ........ .. . 
Quality of steam, per cent dry .. . .....•..•....••.. •.•...•.. 
H. P. developed ...........................••..........••. 
Per cent of rated H. P ..................•................. 
Actual evaporation, per pound oil as tired ...... .......... .. . 
Equivalent evaporation, F. and A. 212° per pound oil, pounds . 
Pounds steam to vaporize oil, per hour ................ , .. . . 
Per cent of total steam generated used to atomize oil ....... . 
co., per cent. ..........................•...•........•... 
0 , per cent . ...................... . ........•••........••.. 
CO. per cent. ..... .. .... ...... ... .... ...•...... .. ... . •••• 
Useful evaporation per pound of oil . ...•.. ....• •. ......••.. 
Boller efficiency, per cent .................... ... ... . .. .... . 
B. T. U. per pound oil as tired ... .... . .................... . 
Per cent used to evaporate water In boiler ...............•. 
Per cent lost In dry chimney gases ........................ . 
Per cent loss due to CO ....... . ..........•. ..•........•.. 
Per cent used to superhea t atomized steam . ...•... ... ...... 
Loss due to moisture of formation .. ..... ......•........... 
Per cent loss due to radiation, etc ...•.....•................ 
Per cent excess air . . .. ..... ...... ... .......... . . ........ . 
Temperature of boiler room ...... .... .. .. .. •.••.... . . . .... 












































SET'l'I G NO. 3. 
In Setting No. 3 an arrangement was made for preheating 
the air by passing it back and forth through fire brick passag
es 
~irectly under the furnace proper. This arrangement is given 
in Figure 3, which shows the construction clearly. The gr
ate 
bars were lowered almost to the floor of the ash-pit and a n
et-
work of brick built up by simply building bricks upon ea
ch 
other without any mortar so as to give the desired path to 
the 
g~ses as shown by the arrows. In order to diffuse the fuel an
d 
tnrx the air with gaseous fuel a checker work wall was bu
ilt 
~bove the floor of the fur:Qace, as shown in the drawing. This 
is an arrangement much used-in oil burning and it was desi
red 
to get some data as to its merits by tests. The air ducts fro
m 
the rear of the setting were closed during the tests on Setting
 3, 
?ll air entering through practically one square foot of opening 
in the ash-pit door. 
CONDITIONS UNDER WHICH TESTS WERE MADE. 
SETTING NO. 3. 
Test 10.-Fire clear. Draft medium. Flame slightly blue a
nd 
clear behind checker work and ending just back of 
bridge wall. Checker work white hot. 
Test 11.-Draft high though damper not wide open. Fi
re 
transparent. Setting very hot. Checker work white 
hot. 
Test 12.-Same as Test 11 except lower draft. Very short tra
ns-
parent flame in furnace. 




FIG. 3. SETTING NUMBER 3. 
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TABLE 3. 
OBSERVED AND CALCULATED DATA. 
...._~~~~~~~~~-S=E=T=T=I=N~G=--=N~U~M=B=E=.:::R:._;:3~·~~--,,--~~---,-~~~ 
~lJMBER OF TEST ... ................ I 10 11 12 13 
2
• DATl!l OF TEST . , . .. ... .. .. . ........ · l May May May M'.ay .___ 24 25 25 26 
~URATION OF TEST (HOURS) ........ I 7. 0 5.0 5.0 6.0 
4. 
;otal Weight of oil tired, lbs .•....... 2,094 1,298 1,783 6. 
1,459 
6, T Ota! water fed to bof/er. 
ios . ....... 34,445 20,940 19,600 26,216 
7, Total Water evaporated, I bs .••.
..••.. 34,301 20,900 19,502 26,164 
Ota! equivalent evaporation, F. and 
g 1" A. 212•, lbs.,,, . .... , .. ........ . 36,200 21,700 20,250 27,000 
• artor of ti 1.028 1.0315 1,031 1.032 
11 011 
evapora on. , ..•••..•.••. 
· · burned per h lb 29 9.0 287.8 259.6 295.5 10 'W our. s ............. 
11• l!l ater actually evaporated per h
r., lbs. 4,900 4,200 3,910 4,360 
• QutvaJent evaporation, F. and A. 212• 
12. E Per hour, lbs ....... ......
....... 5,037 4,340 4,050 4,500 
Qulvatent evaporation, F. and A. 
18. St 
212• Per SQ. ft. H. ;:;. per hour, lbs 2.682 2.470 2.290 2.262 
H. T earn Pressure, gage ......• ........ 74.8 80.7 . 85.
3 81.9 
15. 
ernperature t d t 215.0 213.4 214.7 214.5 '!' ee wa er ••••.•••...•. 
16. '!' emperature flue gas ........ .. ...
.. 443 486.8 476.3 459.2 
17. Demperature furnace . ...... . ... .. ... 1,530 
1,73 0 1,733 . ........ 
18. raft ash-pit I
 h t .023 .029 .02 .027 D , nc es wa er .......... 
19, Draft flue, tnchPs water ....... . ...•. .172 .235 
.171 .20 
20. raft fuma
 I h .122 .149 .12 .130 Q 
1 
ce, nc es water .......... 
21. ua tty
 or t d 99.6 99.8 99.6 99.8 li p s earn, per cent ry ....... 
22, p · · developed .............•...... 145.8 126.8 1
16.8 130.5 
23, A~~ cent or rated H. P . developed . ... 99.9 is6.2 80.0 
89.3 
24. E Ual evaporation per lb. or oil as fired 16.32 14.0 15.0
8 14.77 
QUl\'alent evaporation F. and A. 212° 
25, LbsPer lb. oil . . . . . . . . . . . . . . ... . ... 16.79 14.45 15.56
 15.26 
26. p · StPam to atomize oil per hour ... 176.0 276.0 2
30.2 21 8.0 
er cent or total steam generated, 
27. USPd to at I II S.59 6.57 5.89
 5.0 CO om ze o .......•...... 
28. 0 •· Per c1mt .......
................ 7.6 6.7 6.8 7.0 
29, · Per cent 10.5 11.9 11.4 11.0
 co . . .. ..... ............... . 
ao. tJs·fPer c1>nt... .. .. .. . . . . . . . • . . .. . . 0.0 0.0 0.0 0.0 
81. 130~1 Ul PVnporntlon per lb. of oil... . . . 16.28 13.49 ] 4.
65 14.49 
82. er efflcl1>nc t j 74.3 77.5 76.0 13 '!' Y, per CPn .. .. ........ ... ..... 
as. P~r · D. PPr lb. oil RR fired .......... 19,465 19,465 19,465 19,465 
84, Per ct. URed to f>VRporn.tewater In boiler . . . . , .. , . 74.3 77.5 76.0 
86, p cent lo8t In dry chimney gases... 11.9 15.~5 14.16 13.48 
86, er cent los d CO 0.0 0.0 0.0 Per s ue to . . . . . . . . . . . . . o.o 
Cf>nt used to superhcttt atomizing 
87. steam .51 .H .34 P1>r · · · • · · · · · · · . ·.. ... . . . . . . . . . .26 
88. Pp ct. IORR dur to moll'tllrPof formntlon 6.97 7.71 7. 55 7.6 0 
89. r c1>nt loRs d t dl I j 2.13 0.35 3.G8 Per . ue o ra at on, etc ... . . .... .... 
40. '1'1>rn CPnt excess nlr................. 95.6 l 21.2 114 .8 106.2 
41. Lbs PE>rnture of bolln room ........ · 1 89.6 85.5 94.0 87.2 
42. liu~i~t"nm for atomizing per lb. oil. . .588 .960 8.85 .74 
lty .. . .....•.•.. ... ....•...•. I 47 I 112 I 43 67 
I 
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SETTING NO. 4. 
In Setting No. 4, shown in Figure 4, the checker work used 
for diffusing the gases in Setting No. 3 was replaced by loose 
bricks thrown in so as to slope gradually from near the front of 
the grate to the top of the bridge wall, mucli as in Setting No. 1 . 
.As with Setting No. 3, the air was preheated by its passage 
back and forth under the furnace, all alr being admitted from the 
front: 
CONDITIONS UNDER WHICH TESTS WERE M.ADE. 
SETTING NO. 4. 
Test 14.-Flame transparent white, ending just behind bridge 
wall. Fire brick very hot. Damper regulated for 
best possible results. The fire had been cooled down 
for one hour three hours previous to starting test. 
Test 15.-Tubes were blown off with air just before beginning 




FIG. 4. SETTING NUMBER 4. 
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TABLE 4. 
OBSERVED AND CALCULATED DATA. 
SETTING NUMBER 4. 
1. NUMBER OF TEST ......................... , .... , .. 1 14 15 ~ 
---------+-----!-----~ 


























Total weight of oil tired, lbs....................... 1, 161 .l,685 
Total water fed to boiler, lbs ......••••• , ••.• .... . 25,342 25,150 
Total water evaporated. lbs ....••..•••••.•••.... • . 25,4'.ll 2£>,0!iO 
Total equivalent evaporation, F. and A. 212°, lbs .• • 25,800 26,850 
Factor o! evaporation. . • . . . . • • • • • • • . • • . . • • • . • • • • . 1.034 1.034 
Oil burned per hour, lbs........ ....... ........... 352.2 337.0 
Water actually evaporated per hour, lbs........... 5,070 5,010 
Equivalent evaporation, F. and A. 212° per hour, lbs. 5,240 5,190 
Equivalent evaporation, F. and A. 212° per sq. ft. 
H . S. per hour, lbs .......••.•.•.••••••....... . 
Steam pressure, gage .. .......................... . 
Temperature feed water ...•••••••••.•.•.......... 









TPmperature furnace .•..••••••.••••••••••...•••••.....••..••••.... · 
Draft ash-pit, Inches water, • , ...•••.•••....•..... 
Draft flue, Inches water ... .•....••...••••.•..•.•• 
Draft furnace, Inches water ...•••••••.••••.•.••••. 
Quality of steam, per cent dry .•••••••••..•.•.•.•. 
H. P. developed ........................... . ..... . 
Per cent of rated H. P . developed .•.••••... ...... 
Actual evaporation ppr lb. oil as fired. lb!! ....•... ,. 
Equivalent evaporation, F. and A. 212• per lb. oil, 















26. Poun<'ls RtPam to atomize oil, per hour ...•••.•..... 





















oil .............. •• ••..••••••••••••••.••••.•.. 
C02, per CPnt. ..•...••.• , ...•••.•••.•••• . ••.•..•. 
0. per cent. .................................... . 
CO. per CPnt .................••••••.•.•.....•...• 
UsPful evaporation per lb. of oil .•.•• • •••.•... •.• •. 
Boller efficiency, per CPnt. . , ....•.••.•.•.•.•.. , .•. 
B. T. U. per lb. oil as fired ...•.. •.... ... ....••• .•. 
PPr cPnt used to evaporate water In boiler ....•..••. 
PPr CPnt lost In dry chimney gases •.••••.. , ...•••. 
PPr crnt loss due to CO ......................... . 
PPr CPnt used to superheat ntomlzlng steam ..•.•.•. 
LosR due to moisture of formation. , . , ..• ...... . .. 
PPr cPnt lm1s due to rad In tlon, etc .••.••.••......• . 
PPr CPnt Pxcess a Ir .. ..... . ..••..•..•.•.••.•••.••. 
TllmpPra tu re of bollP.r room ...................... . 
PonndR AtPam for atomizing per lb. oil ..•.•••••• , . 




































SETTING NO. 5. 
This setting, which is shown in Figure 5, is exactly the same 
as Setting No. 4, as far as that part of the furnace in front of 
the bridge wall is concerned. It will be noted that in all previous 
settings that part of the combustion space back of the bridge 
Wall was filled up with fire brick to the level of the top of the 
bridge wall. With the idea of investigating the value of this 
space for combustion the loose bricks were removed to· a depth 
of about 15 inches, though the brick masonry around the mud 
drum prevented this enlargement all the way back. With the 
idea also that some air admitted back of the bridge wall would 
aid in better oxidation of the fuel gases, a 4-inch pipe with a 
number of 1-inch holes in same was inserted through a hole in 
the side wall of the furnace just back of the bridge wall, as 
shown in the drawing. The holes were located so that the air 
e~tering at this point would be thrown upward at right angles 
with the current of gases. The 4-inch pipe was .left open at the 
outer end and the air entered at this point. · .As with previous 
settings, the air entering at the grat~ came from the front of 
the furnace, though the area of opeping in the ash-pit door was 
nearly closed, the object being to thus compel the entrance of air 
through the air pipe ~t the back of the bridge wall. 




SETTING NUMBER G. ----...+~--- ~ 
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CONDITIONS UNDER WHICH TESTS WERE MADE. 
SETTING NO. 5. 
Test 16.-Durjng :first hour flame rolling with bluish clear color, 
filling the combustion chamber completely. Later, 
same except shorter flame due to increased air supply. 
Test 17.-Load steady. Damper closed. Flame heavy bluish 
from front, rolling clear from back. Setting well 
filled with flame. 
'l' . 
est 18.-Same as Test 17, except more draft. Flame long and 
· rolling slightly. Steam valve well open. 
'l'est 19.- Ash-pit doors wide open. Flame long white. 
Test 20.-Long white opaque flame. Damper such that further 
closure would cause flame to enter tubes. 
Test 21.-Heavy draft. 
Test 22.-Von Phul burner at full capacity. Steam valve of 
· burner wide open most of the time. White flame. 
Test 23.-Rome-made burner . 
• 
1. NUMBER OP' TEST· • • • • • • • • • • • • • • • • • • • • ·' 
2. DATii: OP' TEST •••••• , ............ , ..... ! 
3. DURATION OF TY.ST (HOURS) •••••••••••• 1 
4. Total weight of oil fired ............... . 
5. Total wat~r fed to boiler, lbs .•••...... 
6. Total water evaporated, lbs ..••••.•.•.. 
7. Total equivalent evaporation, F. and A. 
212°, lbs ...•...••.••••....•••••... 
8. Factor ot evaporation .•....••.•••.•..• 
9. Oil burn<" ~ per hour. lbs .... ....••..... 
10. Water actually evaporated per hour, lbs . 
11. Equivalent Pvaporatlon, F. and A. 212° 
per hour. lbs ........• ••... • ••...•. 
12. Equl\'alent evaporation, F. an:'! A. 212° 
per sq. ft. H. S. per hour, lbs ..• .•.. • 
13. Steam pressure, gage •••.••.•...•..•••. 
14. TempPrnture teed water .•••••.••••... . 
15. TempPrature flue gas •••••••••••.••.••. 
hi. TempPrnture furnace ....•.•••••.•.•••• 
17. Dmft ash-pit. Inches water ••..•.••••••. 
18. Drnft flue. lnchPs water ......•••••.•••. 
19. Draft furnace. Inches water .•••..••.••. 
20. Quality of steam, per cent dry •.•••••••. 
21. H. P . dPveloped ....•••••••.••••••••••. 
U. Per cent ot rated horse power developed 
TABLE 5. 
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20 21 22 
l I June June June 1 1 2 
5.0 I 4.5 I 5.0 
1,713 1,579 1,250 
26,625 23.330 17,047 
26,556 23,284 16,979 
27,550 24,180 17,600 
1.036 1.038 1.035 
342.6 350.7 250.0 
5,311 5,170 3,396 
5,510 I 5.360 3,518 
3.13 3.05 2.02 
88.8 85.5 82.1 
209.6 206.8 211.4 
456.3 471.6 432.1 

















119.5 I 110.0 \ 




































%3. Actual evaporation per lb. oU. aa tired, 
lbs ••••••••••••••••••••.•••••••••••• 
Z4. Equivalent evaporation, F. and A. zu• 
per lb. ot oil, lbs ••• •••••••••••••••• 
%5. Pounds steam to atomise oil, per hour, 
lbs •••••••••••••••••••••••••••••••• 
%6. Per cent of total steam generated used 
to atomise oil •••••••••••••••.•••••• 
1.1. co •• per cent ••••••••• · ............... . 
28. 0, per cent ••••••••••••••••••••••••••• 
29. CO, per cent ••••••••••••••••.••••••••• 
30. Useful evaporation per lb. of oU •••••••• 
31. Boller efficiency, per cent ••..•••••••.•• • 
32. B. T. U. per lb. of oil as fired •••••••••• 
33. Per cent used to evaporate water In 
boiler •••••••••••••••••••••••••••• • 
34. Per cent lost In dry chimney gases ••••• 
35. Per cent lost due to CO ••••••.•••••••. 
36. Per cent used to superheat atomizing 
steam ...••.••..••••.••••.••••••••• 







Per cent loss due to radiation, etc •••••. 
Per cent excess air •••.••.••••..••••••• 
Temperature of boiler room .••...•••••. 
Pounds stel!-m for atomizing per lb. oil •• 
Humidity .••••..•••••••••••••• •• •••••• 
















































































































































SETTING NUMBER 1. -
I 
I I !I .. May 15 .•.•.• ••.. .•....•.••• • 403 .117 .089 81.5 14.35 2.89 107 71.6 69.5 .. May 16 •..• .. •...... ..•..•... 402 .224 .164 102.0 15.41 5.98 97.5 76.6 72.3 
31 .. May 17 .. ....... ... . .. ...... . 449 .092 .102 99.1 14.06 6.15 65.9 70.3 65.2 
41 .. May 18 ...•.....•....••..••.. 466 .320 .251 117.6 15.32 3.85 124 76.3 73.5 
51 .. May 19 ..•............•....•. 454 .175 .132 106.0 16.1 6.2 8 . 80.1 75.2 
6 I .. May 19 .................•.... 463 .162 .132 110 14.41 4.44 53.8 71.8 68.7 
71 61 May 20 .••.....•..... - .. . ... . 461 .282 .227 75.3 13.2 5.19 184.8 65.6 67.5 
81 65 May 20 • •..... ••...•..•... .•. 476 .11 .11 
I 
89.3 15.75 5.23 69.1 78.4 74.4 
!Aver-
I age ....... . ············ .... ... ... .... .. 446 .185 .151 97.6 14.83 5.00 96.7 73.8 70.8 
I ., I 
SETTING NUMBER 2. 
I I May 22 ................... - .• 1 I .147 · I I I I 91 56 4!!3 .126 99.0 14.46 4.85 64.8 72.1 68.5 
SETTING NUMBER 3. 
I 
\ 
11 1 5~ \~ay 25 .•.••••...• , ...•..•... \ 489 .235 \ .149 \ 86.2 14.45 6.57 \ 121.2 72.l 67.2 
12 \ 43 May 25 ....•............... ,, 416 .111 .12 80 15.56 5.89 '114.8 17.5 13.0 
' 
13/ 6 '1 
Aver-
age . . 54 !May ZIJ ••••••• ••• ... ••• .. . · ··; .. .. .. .... .... .. ............ 
HI -49 May. 26 .. ... • . .•....... . . ... • 
151 82 
May 27 . . ...... ·- · .. . . ....... . 
Aver-
age .. 65 .... . . .......... . . .. . . ... -. .. 
I ~ 
161 30 . . .... . .. . ...... ....... 5~ M;ay 
11 I · 78 May 30 . .. . . . . .. . ..... .... . .. 
18 j 60 May ~~::::::: : : :: :::: :·: :~ : :: 20 65 June 
21 b~ June 1. .......... .. . . . . .. - ... 
Aver-
age • • 62 ······ ···· ···· ·· . . ..... .. .... 
221 68. !June 2 ........ ........... .. . ·I 
23 .. June 2 .... • . ................. 

















.180 I 103.5 
SETTING NUMBER 5. 
I I 417 .159 .155 I 84 
454 .184 I .182 
I 
109.5 
479 .253 .2 58 123 
456 .197 .170 109.5 
472 .345 I .262 I 106.2 
456 .227 .205 106.4 






I 14.88 3.67 15.a8 5.26 





















































RESULTS OF THE TESTS. 
SETTING NO •. 1. 
The averages of the observed data and calculated results are 
given in Tables 1 to 5, inclusive. For convenience, however, 
Table 6 has been made, the data in it being taken from Tables 
1 to 5, inclusive, and containing the main items affecting eco~omy 
-viz: humidity, flue temperature, draft in furnace an~ in 
flue, per cent of rated horse power developed, evaporation per 
pound of oil, steam used. for atomizatjon, per cent excess air, 
efficiency of boiler and efficiency of boiler and · furnace. 
A study of that portion of Table 6 pertaining to Tests 1 to 8, 
inclusive (Setting No. 1), shows that the lowest economy (Test 
7), 13.2 pounds of water from and at 212 degrees per pound 
of oil (see Column 8), was with the damper wide open and with 
a load of only 75.3% of the rated- that is, with small load and 
heavy draft-the latter being an average of .282 inch of water 
at the flue. The next lowest economy shown was in Test 3, with 
an equivalent evaporation of 14.06 pounds of water per pound 
of oil, the damper being closed until the draft was reduced to 
.092 inch and with a practically normal load. These two tests 
show very plainly that economy may be reduced either by too 
much or too little draft. The best economy was shown in Test 5, 
with a slight overload and medium draft, .175 inch in the furnace, 
the equivalent evaporation per pound of oil benig 16.1 pounds of 
water. The second best, as relates to economy, was Test 7, 
where the load was only 89.1 per cent and the draft .11 inch. 
A comparison of these two tests brings out the fact that for the 
best economy lower draft is necessary with smaller load. In both 
of these tests the burner was first set so as to carry the load 
and the damper was then closed as far as possible without causing 
the· :flames to roll in and fill the back part of the setting, the 
steam valve of the burner being set so as to cause a slight roaring. 
In Tests 3 and 6, where the evaporation was low, 14.06 pounds 
and 14.41 pounds respectively, the damper was closed so far as 
to fill the setting with smoky rolling :flames, though no smoke 
appeared at the top of the stack. 
The fact most clearly shown by these tests, therefore, is that 
economy is reduced by too high or too low draft, the amount of 
41 
'draft depending upon the load. For example, .175 inch draft 
~ave best results with 106% load and with an 89% load .11 
inch, a considerably lower draft, was best. A wide open damper 
on small load is evidently bad. Notice should also be made of 
the fact that . Test 7, with lowest economy, was with a large 
.draft opening at the front of the furnace and u wide open flue 
~amper. This shows the necessity of having the front tight, 
lll Which case the harmful effect of high draft (vacuum) is less. 
SETTING NO. 2. 
. Only one test (No. 9) was made, data for same being given 
ln Table 2, also in Table 6. The equivalent evaporation of water 
per pound of oil in this test was low, 14.46 pounds, though the 
general conditions as regards load and air excess seem favorable 
enough. Judged from this one test, the setting was an unsatis-
fac:ory one. In fact, on account of the difficulty in securing a 
~ahsfactory distribution of the flame throughout ·the setting and 
b eatin~ surface, only one test was made. This, it will be remem-
~re~, is the setting with which the attempt was made to admit 
a1r t · · JUs m front of the bridge wall, as well as at the front of 
t~e grate. The writer is of the opinion that the admission of 
air at the rear end of the grate can be done to the advantage of 
economy, though the time :for making the experiments necessary 
tho determine a satisfactory arrangement could not be spared at 
t e f ime the test was made. 
SETTING NO. 3. 
'l' 'l'he data from the tests with this setting are given in Table 3. 
est 10 was thrown out on account of an error in the measure-
ment of the feed water, which was discovered shortly before the 
e;d of the test. The economy shown in Test 11, 14.45 pounds 
0 
Water F. & A. 212 degrees per pound of oil, was made with 
:.,1;d 86·2% load and high draft, the flue damper being almost 
d ~ open. Unfortunately, it was impossible to carry full load 
e!r:ng 
the tests. with this setting. As underloading reduces the 
lllC1enc · 
P 
Y, it may be assumed that the evaporation of water per 
ound of ·1 1 h · h th' 01 wou d have been greater for all t e tests wit 
ab;s setting. had the conditions in this respect been more favor-
ont It will be noted that in Tests 12 and 13, with loads of 
Y 80% and 89% respectively, the equivalent evaporation was 
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15.56 and 15.26 pounds per pound of oil. Both of these are 
excellent, though not quite so high as the two best in Setting 1, 
which were made under more favorable conditions as regards 
loading and air excess. The high air excess in all of the tests with 
this setting points out the necessity for close .air regulation 
with small load. in view of the unfavorable conditions pointed 
out, the results obtained would seem to speak well for this setting 
as compaxed with Setting 1. 
SETTING NO. 4. 
This was the same as Setting No. 3, except that the checke:r 
work baffle wall was replaced by loosely thrown in brick. Tests 
J.4 and 15 were made with this setting, the results being given in 
detail in Table 4 and in condensed form in Table 6. Test 14 
was made with an air supply adjusted in the light of former tests, 
to give the best possible r esults. The somewhat lower evaporation 
per pound of oil, 14.88, was, therefore, somewhat unexpected, 
especially in view of the favorable conditions as regards load 
and air excess. The following test (15), however, under prae· 
tically the same conditions, gave an evaporation of 15.38 pounds. 
It should be noted that the boiler tubes were blown out just 
prior to this last test, which, no doubt, accounts in part for the 
increased efficiency. 
SETTING NO. 5. 
Tests 16 to 23, inclusive, were made with this setting, the 
results being given in detail in Table 5 and in condensed form 
in Table 6. Tests 22 and 23, both of which· gave low economy, 
14.05 and 14.22 pounds respectively, were made with Von Phul 
and home-made burners respectively. The size of both these 
burners was insufficient to carry the load at more than about 
two-thirds the rated load (see Column 7, Table 6). This is no 
doubt largely responsible for the poor economy. Aside from 
these two tests, the lowest evaporation was 14.7 pounds in Test 17, 
the damp r being closed to a point such that the setting was 
:filled with rolling flame, a condition accompanied by low efficiency 
with the other settings (see, particularly, Tests 3 and 6). Test 
19 was thrown out on account of leakage in the feed water line, 
discovered too late for correction. The damper was closed rather 
I , • j,Jt)fj 1 • 
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too much in Test 16, though not quite so much as in Test 17. 
Tests 18, 20 and 21 show fine :results, the average being 15.64 
pounds of water F. & A. 212° per pound of oil as fired. These 
tests were made under conditions found best in former tests, with 
t~e possible exception of Test 21, where the draft seemed a 
httle high, though the flue gas analysis shows a ~omparatively low 
excess of air for this test. The average equivalent evaporation 
per pound of fuel in the tests on this setting, omitting Tests 
22 and 23, seems to be somewhat higher than in any of the other 
settings, the lowest, 14.7 pounds, being very good itself. It will 
be noted also that the air excess was lower in this series than in 
any of the others. This may be due to the admission of air 
through the pipe at the rear of the bridge wall, to the enlarge-
ment of the combustion space back of the bridge w~ll, or both. 
GENERAL RESULTS. 
STEAM FOR A'1;'0MIZING. 
Inspection of Column 9, Table 6, shows that the weight of 
steam required for atomizing the oil varied from a minimum of 
2·25 3 to a maximum of 6.57% of the total steam generated by 
the boiler, the average being 4.383 . Column 12 of the same 
table shows the net efficiency-that is, efficiency of the boiler and 
furnace combined- the steam for atomizing having been sub-
~acteQ. from the total generated in order to determine this figure. 
he amount of steam used in atomizing depends largely upon 
the op ration of the burner, a white flame being usually ac-
companied by a small consumption of steam for atomizing and a 
trans . T parent red or orange flame by a larger quantity of steam, 
he average per cent given above (4.38%) shows fairly good 
;ork, though it jg not the best, as has been stated in this bulletin; 
·5% to 3% .can be obtained · with the right kind of burner 
~{0Perly operated. Further inspection of Column 9 shows that 
b e Per ce~t of steam for atomizing decreases with the load carried t:e the. boiler. This is shown by a curve in Figure 6. It is true, 
ffiP0mts are somewhat scattered, yet the downward tend~cy is 
su ciently plain. This points out the necessity for careful adjust-
ull
l.:nt of the steam valve when small loads are carried and foi' 
~ b . 
g urners capable of close adjustment. Between the maxi-
" ~
~i a ~ ~ 6 .v > ... 
, ~-... 'f.O 
..:~ r . 
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EFFECT OP LOAD ON THE QUANTITY OF STEAM RE-
QUIRED FOR ATOMU::ATION. 
mum and minimum per cents of steam used for atomizing there 
was a difference of 6.57- 2.25= 4.32%. This means that 4.32% 
less of the steam generated is available for use in the power 
part of the factory than the best possible shown in the tests. 
This, in turn, means a 4.32 % increase in fuel consumption for a 
given output of steam by the boilers. 
DRAFT. 
The increase of economy due to proper regulation of the 
draft is very plainly shown in the tests, though the impossibility 
of keeping out other variables, especially .that of load, made 
the results due to changing the draft less regular. As already 
stated, it was found early in the experiments that certain con-
ditions which could be detected and controlled by the fireman 
would result in the best possible results, other conditions being 
the same. It was also found, as already pointed out, that the 
amount of draft required to produce this condition increased 
FIG. 7. DRAFT IN FURNACE AND FLUE FOR BEST RESULTS. 
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with the load. 
1
The relation between draft and load is shown 
?Y the curve in Figure 7, the points plotted being for those tests 
in which the damper was set for the best possible results. The 
draft curve shows a minimum draft of .13 inches for an 80% load 
and a maximum of .29 inches for a foad of 123%. Continuing 
this curve in a straight line shows that a draft of about .38 inches 
of water would be required for a load of 150%-that is, 50% 
overload. As it is not unusual to carry this amount of overload, 
it is evident that a stack sufficient to give this draft should be 
supplied. More thnn this slJOuld not be supplied, as it adds to 
the danger of loss from excess air by careless firemen. In Test 7, 
With a small load (75 o/r) and the damper wide open, the lo~est 
efficiency was obtained, the equivalent evaporation being 13.2 
Pounds of water per pound of oil fired. The average equivalent 
evaporation in the tests in which the draft was regulated for 
best possible results-that is, the tests plotted in Figure 7-was 
l5.8 pounds. In other words, the efficiency with the 75% load 
and ~ide open damper was in.~- l ::\.2 X100=l6.4% lower than 
. 1~8 
With the best possible regulation. It should be remembered, too, 
that Test 7 was made with the openings into the furnace carefully 
regulated. It is easy to see that with a wide open draft door 
the loss might be much greater. In Figure 7 it is seen that the 
.average distance between the curves for furnace draft and flue 
draft represents about .04 inch of water. This difference repre-
sents the friction of the gases in the boiler tubes and in the 
setting between the furnace and the rear end of the boiler. It 
might have been expected that this difference would have been 
greater as the load increased, due to increased volume, and, 
therefore, greater velocity of the gases. It will be noted, however, . 
~hat the tests with the greate~ loads had less excess air (see 
h'olumn 10, Table 6) and it has already been shown that the 
igher the load the smaller the per cent of steam used for 
ato:rnization. These facts explain in part at least the practically 
parallelism of the two curves. With the considerable losses in 
e~ei~ncy due to excessive draft shown by these tests, it is clear· 
\~t flue dampers are essential for the best results. Of course, the 
~h ltnney. can be propo.rtioned so as to give 'Che proper draft for 
e maximum load to ,be carried, though for rated and under-
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loads a chimney tbus proportioned would give a draft too strong 
for the best economy and the only possible remedy is to use a 
flue damper. In some plants where the load is constant all of 
the time, it is not so difficult to get the height of stack to give 
the desired draft without damper regulation. In sugar house 
work, however, the load is particularly variable and the problem 
of draft regulation to suit variable loads is peculiarly important . . 
Since the best boiler efficiency is not only dependent upon the 
proper air supply but upon proper and regular loading, it is 
best, as far as possible, to take care of the variations in loads 
with as few boilers as possible. In other words, instead of 
reducing slightly the fuel supply to all of the oil burners when 
the load is reduced, it is better to make the reduction with one 
or two boilers and never change the others. Such an arrange-
ment makes it possible to operate the constantly loaded boilers 
under conditions known to be best. In other words, this does 
away with much uncertainty. The dampers for these boilers 
can be set at the proper position, the only damper manipulation 
required being for the small number of boilers used in handling 
the variation in load. The writer has observed one large plant 
in particular which follows this scheme with very satisfactory 
results. It may be held by some that the air supply may be 
regulated just as well by varying the amount of opening into 
the furnace from the outside-in fact, if it were possible to have . 
no cracks or leakage this would-be satisfactory. It should not 
be forgotten, however, that with all openings closed the vacuum 
is greater and this increases the tendency of leakage inward, so 
that all cracks in the brick work, at the joint between brick work 
and boiler metal, and even the pores in the bricks, give passage 
for air. Damper closure, however, reduces the vacuum inside 
and therefore reduces the inflow of air at all these places. 
EFFECT OF LOAD ON EFFICIENCY. 
It will be noticed that a low efficiency accompanies practically 
all of the tests where the per cent of rated horse power is low 
(see Column 7, Table 6). Also that with full loads and even 
with overloads the efficiency was relatively high-in fact, the 
results of the tests do not show any lowering of efficiency even 
with the highest load, which was 123% of the rated. It will 
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also be seen that the heavy loads are accompanied by relatively 
small excess of air. This is no doubt due to the better facilities 
for regulating the air with high loads. No matter how small the 
load, the air leakage through cracks and other uncontrollable 
openings, remains practically the same as that when higher loads 
are carried, so that naturally the air entering makes up a much 
l~rger proportion of the total gases passed up the stack. The 
higher efficiency with the heavier loads is doubtless due, therefore, 
to two things-less radiation (proportionately) of heat from the 
boiler and furnace walls and less loss from excess air. This is 
~specially so with oil burning where reduced excess air plays so 
important a part in securing high efficiency. It would appear, 
t~erefore, that greater overloads can be carried in oil burning 
without detriment to economy than with coal buring. 
DAMPER REGULATION. 
With the flue damper wide open the flame in the furnace 
moved at a high velocity with a tendency to break up and dis-
appear at or near the bridge wall, the color being rather light. 
Dpon gradually closing the flue damper the velocity of the flame 
could be seen to decrease, the flame extending farther and farther 
toward the rear end of the setting and becoming denser and 
re~der. By continuing the gradual closing of the damper a 
Point was reached where the velocity of the flame was very low 
and the flame would roll, and the furnace setting would be 
:~tirely filled with a dense and generally smoky looking flame, 
his without smoke at the top of the stack. The tests showed that 
!h s lat~er appearance is an indication of a condition very near. 
at which gives the best efficiency and that by setting the damper 
a~ a Position just short of this rolling action of the flame· the best 
e ect is obtained. This, it will be remembered, was done with a 
;~! small opening for the entrance of the air into the ash-pit. 
th ls was adopted as a rule and used with all the tests where 
e best possible results were sought. ·The tests showed that this 
Procedu . lI . re worked equally well with small and large loads. 
d aving first adjusted the burner to carry the load desired the 
w arnper was gradually closed until the above described condition 
as reached 
Vvi ~n relati~n to this matter of damper regulation the writer 
s es to again call attention to the importance of having 
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dampers arranged, by notched levers or otherwise, so that they 
can be manipulated easily and positively by the fireman without 
having to climb to the top of the boiler setting. 
FORM OF SETTING. 
It is manifestly unfair to judge the merits o:f the different 
settings from the · averages of the tests made on each, as the 
number of tests vary :for the different settings. Then, too, with 
some of the settings more tests with unfavorable conditions were 
made than with others. It is probable, therefore, that the fairest 
method would be to select only those tests in each setting which 
were found to give the best possible results-in other words, 
those plotted in the curves of Figure 7. This would include 
T('sts 2, 3, 4, 5 and 6 with Setting 1; Tests 12 and 13 with 
Setting 3; Test 15 with Setting 4, and Tests 16, 18, 20 and 21 
with Setting 5. Averaging these, we get for Setti:i:ig 1 an equiva· 
lent evaporation of 15.64 pounds per pound of oil; 15.41 pounds 
with Setting 3; 15.38 pounds with Setting 4; 15.52 pounds with 
Setting 5. It may be said at this point that all of these are 
excellent-in fact, there are few records showing better results. 
It may be said, however, that these figures are so close to each 
other as to show little advantage for any one of the settings. 
It will be noted, in fact, that these different settings were prac· 
tically the same as far as the volume of the combustion chamber 
is concerned, except in the case of Setting No. 5, where it was 
slightly larger, though probably not sufficiently so to make any 
decided difference. It is likely that considerably more increase 
in volume will be required to make any noticeable increase in 
efficiency and even then the increase in volume should be further 
toward the front of the setting-in fact, in front of the bridge 
wall. These are all settings that are in more or less common use,. 
no attempt having been made to go into arrangements more 
elahorate, the desire being to determine if there was any special 
merit in any one of the settings most commonly used. 
TESTS WITH OIL AS FUEL AT POPLAR 
GROVE AND CATHERINE. 
In addition to the tests made at Smithfield on oil burning, 
three were made at Poplar Grove factory, Port .Allen, La., in 
November, 1909, at the time other tests were made with bagasse 
as fuel. Two boiler tests with oil as fuel were made also at 
Catherine factory, Dorseyville, La., in March, 1909. The tests 
at both of these factories were made in practically the ·same man-
ner as that described for tests at Smithfield, the feed water and oil 
both having been carefully measured in calibrated barrels. 
The tests at Poplar Grove were made upon a battery of four 
horizontal return tubular boilers with a total rated capacity of 
515 horse powers, or 129 horse powers each, based on 12 square 
feet of heating surface 'per horse power. Crude oil with an 
average value of 19450 B. T. U. per pound was used in these 
~~ . 
The two tests at Catherine were made upon two internally 
fired boilers of the marine type, each having two Morrison sus-
pension corrugated furnaces 45 inches in diameter by 12 feet 
3 inches long, with a fire box extension at the front. The two 
boilers were identical in their dimensions, and rated at 250 horse 
Powers each by th e makers. The boilers at Poplar Grove were 
equipped with Higgins burners. The first test at Catherine was 
:ade with an Achee burner and the second with a Higgins 
urner. The crude oil was used in these tests. (See Table 8 for 
calorific value.) 
It has not been deemed necessary to give all of the calculated 
~nd observed data for the tests at Poplar Grove and Catherine 
~n detail, as is given for the Smithfield tests in Tables 1 to 5, 
~nclusive . However, the more important data are given in con-
ensed form in Section A of Table 8. 
RESULTS OF THE TESTS AT POPLAR GROVE .A.ND 
CATHERINE. 
It will be noticed that the load carried with these tests was 
con 'd . si erably less than the rated load (see Column 4, Table 8), 
in the neighborhood of 80% the average equivalent evaporation 
Pe 1'' r P0und of fuel being 14.8 pounds for the Poplar Grove tests 
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and 14.5 pounds for the Catherine tests, both being somewhat 
low as compared with the best resnlt~ obtained at Smithfield. 
This, however, is doubtless due, in, large part, to the small loads 
carried, conditions as regards draft and excess air being fairly 
favorable. 
In the tests at Catherine a special point was made of deter-
mining the relative amount of steam required for atomization 
with different colors of flame in the furnace. Each of the tests 
at this factory was divided into two equal parts. In the first 
part the burner was adjusted to give a transparent flame with 
a reddish orange color and the second part a dazzling white flame. 
In the first test the steam for atomizing was 8 . 75% of the total 
generated with the transparent flame and 5.65% with the dazzling 
white flame, Achee burners being used. In the second test, where 
the Higgins burner was used, the steam for atomizing was 8.92% 
of the total generated with the transparent :flame and 6.92% with 
the dazzllng white flam e. Thus it will be seen that in the first test 
the white flame required 35% less and in th~ second test 22% less 
steam for atomizing than the transparent flame. In general it rnaY 
be said that transparent flame is an indication of better combus-
tion than white flame, but, on account of its smaller per cent of 
steam for atomizing, the white :flame r esults in a slightly better net 
efficiency. This statement is borne out by a comparison of the effi-
ciencies (efficiency of boiler and furnace) obtained in the tests with 
th e two colors of flam e. In the second test (Higgins burner) the 
boiler and furnace efficiency with the transparent :flame was 
66.7 % and with the white :flame 70.49%. This shows quite an 
advantage for the white flame, though the boiler efficiencies were 
nearer the same, that for the transparent :flame being 73.15% 
and for the white flam e 74.41 %. 
BURNING OIL AND BAGASSE TOGETHER IN 
THE SAME FURNACE. 
One of tbe questions about which sugar house engineers seem 
to disagree is whetber oil burned in sugar house furnaces should 
be burned in furnaces especially designed for oil ' burning or 
t~gether with bagasse in furnaces which are necessarily propor-
tioned mainly with reference to their suitability for burning 
bagasse. The writer has made some study on this question, but 
has not been able to make up his mind as to the merits of the 
two methods from data he has been able to secure from factories 
using the two methodP on account of the differences of opinion. 
In order to get some first hand data on the subject, several 
tests Were made in connection with tbe bagasse drying ex-
pe~iments made at Palo Alto sugar factory during the 1910 
grinding season. Other experiments of a less complete nature We . re made at the Southdown factory in 1910, some of the results 
of Which were published in the Modern Sugar Planter, October 1, 
191 0. The oil burning tests at Palo Alto were made upon a 
lOO horse power Stirling boiler with Dutch oven setting, the 
sa~e as used for the bagasse drying experiments, a drawing of 
Which Was shown in Figure 7, Bulletin 128, of this station. The 
g neral scheme used was to burn baga se in the furnace alone 
~nd in this way determin the average evaporatjve power of the 
~agasse when fired alone, then by means of tests where both 
;gasse and oil were fired together, their total evaporative 
et ect was determined. As it was impo sible under such circum-
: ances to <let rmine the separate effects of the two fuels £red 
?f ether it was n ec<!ssary to assume th evaporation which the 
~1 ~ould effect if it were burned in a separate furnace especially 
esigned for oil burning and · subtract this from the total to 
get th . 
Tl e evaporation effect d by each polmd of bagasi~e burned. 
b 
1
e tests where bagasse was burned alone included some with wet 
;'lg;~~e and some with bagasse which had been passed through 
tl tier and which, ther efor e, had con iderably less moisture 
f~a~ that coming directly from the mill. 'l'he tests with the two 
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burned together were also partly with wet bagasse and crt y . 
coll with the partially dri ed bagasse. In Table 7 has been 
ected all of the essential data from the tests made for this. 
purpose at Palo Alto. lt will be noted that this tabl is divided 
into five parts, lettered A, B, C, D, and E, A being the tests with 
wet bagasse alone; B the tests with partially dried bagasse burned 
alone; the tests in which oil and wet bagasse were burned 
together; D th e tests where oil and partially dri ed bagasse were 
hurned together, and E the tests in whicJ1 oil only was burned in 
the baggasc furnace. 
DISCUSSION OF RESULTS. 
THE EVAPORATIVE POWER OF BA.GASSE. 
The portions A and B of this table are given for the purpose 
o.f ·showing the average value of the bagasse as a fuel both wet 
and partially dried. The tests included in A are tests which 
have been selected with a view of using only tests with favorable 
conditions of draft, it having been found that with very high 
draft the evaporation per pound of bagasse was low. By refer-
·ence to Column 5 it will b e seen that the average for these tests 
was 1.63 pounds of water evaporated from and at 212 degrees 
per pound of wet bagasse·; likewise the average evaporation in 
the tests with partially dried bagasse was 2.65 pounds of water 
'per pound of bagasse. 
THE EVAPORATIVE POWER OF THE. OIL BURNED. 
As stated above, in order to arrive at the work done by the 
bagasse in the tests where oil and bagasse were burned together 
it was necessary to assum the evaporation done by the oil. Of 
ourse it would have been possible to assume the evapora-
tive power of the bagasse and determine the total water evapo-
rated by the bagasse, this subtracted from the total evaporation 
giving the evaporation done by the oil. It was thought best, 
however, to assume the evaporation due to the oil for the reason 
that it is possible to burn oil more uniformly, thus making it 
easier to arrive at a correct value for the oil. The assumption of 
the evaporative power of the oil per pound was based not onl.Y 
upon the tests made at Smithfield but also upon the tests made at 
Poplar Grove sugar factory in 1909 and at Catherine factot:Y• 
owned by the Supples, in 1909. 'l'he results of each are shown in 
Table 8. The average of all the tests at these factories shows 
a boil er efficiency of 74%. This, it will be noticed, includes 
53 
not only tests in which good r esults were obtained at Smtihfield 
b~t those with poor r esults as well. The calorific valne of the 
oil used in the tests at Palo Alto was 19340. Assuming that 
it is possible to burn oil in any well-designed furnace, with the 
average effi iency stated above-that is, 74%-this oil, with the 
heat value just named would evaporate 
1 ~1840 X ·7q = 14. 75 
' 970.4 
Pounds of water from and at 212 degrees. This :figure (14.75) 
was, therefore, assumed for calculating tests given in 0 and D 
of Table 7 (see Column 6). 
COMP • .\RJ ON OF TBE RESULT WJTH TEE TWO METHODR. 
'l'be evaporation per pound of bagasse is given in Column 5 
0~ Table 7, wher e it will be noted that for wet bagasse burned 
With oil the evaporation per pound of bagasse varied from .98 
t~ 1.49 pounds of water, with an average of 1.28 pounds (Sec-
~i on C) . The average for the tests where wet bagasse was 
Urned alone, as shown by the average in Section A was 1.63 
~ounds. 'l.'hus th e evaporation per pound of wet bagasse was 
7·3% greater when burned alone. The average evaporation per 
Pound of partially dri ed bagasse (Section D ) was 1.77 pounds 
;vhen burned with oil, against an average of 2.65 pounds when 
>urned alone (Section B ) . H er e we have an evaporation per 
Pound of bagassc 37 % greater than when burned with oil. These 
r~snlts for both wet and dri ed bagasse will justify the conclusion 
~ iat as far as this furnace is concerned burning th bagasse alone 
1 ~ the more economical method. The principal results of the t ests 
~ ong the same line at Southdown are given in Tabl e 8, Sections 
ti and C, the form er for bagasse and oil burned together and 
.\e latter for th e two fuels burned in separat furnaces, the 
~1 being burned in oil burning furnaces. It should be noted, 
1 °"'.eve
r, th at th oil burning boil rs w r e in poor condition, not 
titving been cleaned for some time. The engineer stated that 
r:: iey had considerabl e scale on th e h ating surface. From Column 
~' Section B, th e average eciuival nt evaporation p er pound of 
agasse for th e three tests with oil and bagasse burned together 
Was 154 
1.78 
· pounds of water, while for bagasse burned alone it was 
1 Pounds. Thus an advantage
 is shown here also for burning 
)llgasse alon e if we us the averag of the tests in Section B as a 
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basis of comparison. It should be noted, however, that the third 
test of Section B gave an evaporation of l .76 pounds, practically 
as high as the one test in Section C. ln other words, an equal 
numb r of tests in Section C for oil and bagasse burned together 
might possibly have raised the average and s110wn better results 
for this method. The tests recorded in Table 7 and made at 
Palo Alto were made under conditions more favorable for com-
parison ~md are more dependable than those made at Southdown. 
S ction E of Table 7 gives the principal items of five tests 
mad with oil burned alone in the Dutch oven bagasse furnace 
used in all the other tests made at Palo Alto. These tests were 
made with a view of ascertaining the performance of bagasse 
furnaces operated with oil as fuel, as, for example, when the mill 
stops and the load is carried by firing the bagasse furnaces with 
oil. It will be noted that the the equivalent evaporation per 
pound of oil ";as very low, varying from 9.39 to 12.31 pounds 
(see Column 6), the average being 10.93, with an average boiler 
effici ncy of only 55%. It will be noticed also that the furnace 
draft was not high, the average being .169 · inch of water. In 
these tests the hopper and draft doors were closed as tight as it 
was possible to close them, though th latter could not be made 
v ry clo e. It is easy to see, however, that it is difficult to operate 
a furnace of this hara ter, with open orate and so many doors, 
without great excess of air. 'l'his is no doubt mainly responsible 
for tlie low economy shown. This is a strong argument for carry-
ing the load with regular oil burning installations rather than 
with oil burners installed in bagasse furnaces when the bagasse 
supply is stopped. Returning to the matter of burning oil and 
bagasse together, it is well to recall the essential requirements 
for efficient combustion of oil. These are (1) reduction of the 
air xcess to a minimum, (2) combustion space surrounded as 
completely a possible by highly heated refractory substance like 
fire brick, (3) thorough gasification of the fuel early in the 
proce s, and ( 4) a sufficiently large combustion space. Taking 
these up in order, when burning oil and bagasse together in 
bagass furnaces, there is less opportunity for close control of 
the air supply than is possible with a specially designed oil 
furnace. The oil, instead of being surrounded with refractory 
material, comes in more or less direct contact with the top of a 
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Pile of green bagasse, the coolest portion of the furnace, and it .is 
reasonable to suppose that this will interfere with the gasification 
of the atomized fuel. No doubt this offers the greatest objection 
to the burning of the two fuels in the same furnace. It is true 
t~e bagasse furnaces are usually constructed with large combus-
ti~n spaces, though during the average operation of such furnaces 
this space is fill ed with bagasse. .As shown by tests made by 
t~e Writer the temperatures in bagasse furnaces are never as 
~~gh as those in oil furnaces. In fact, there is, as a rule, a 
1.fference of at least 500 degrees even when the bagasse is burned 
with oil. I t should be said that this statement applies to the 
average case. In a few cases very high temperatures have been 
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A-BAGASSE ALONE-WET. 
I I I 5 JNovember 19 . ................ . ..... . .. .. 6.0 90.6 1.755 . . . .... 112 
6 JNovember 22 ........ . ................... 8.4 89.0 I 1.948 109 
I 
... . ... 
7 jNovember 23 ... . ....... .... .•.......... . 8.8 71.0 1.648 ..... .. 106 
15 JDecember 1. . .... . ... . .............. .. . 7.0 76.5 1.533 .... . .. 105 
19 jDecember 5 ......... . ...... .. • . . ..... . . 5.0 85.5 I 1.97 I 107 .7 ....... 
21 JDecember 6 . ................... . ....... 6.75 64.0 
I 
1.516 I .. . .. . . 108.2 
23 JDecember 7 ... .. ..... . ......... . ....... 7.25 97.5 1.68 I ....... 99.1 
27 JDecember 13 .......... ... .. .. . ........ . .. 10 130.5 1.025 I ...... . 103.2 
31 !December 15 .............. . ... . .. . ... . .. 7.5 110.0 I 1.408 I 105.4 .. .. ... 32 December 16 ..... .... . . . .. . .. . • . ........ 8.0 127.0 1.521 . ...... 109.7 
33 jDecember 16 .... . ............ . .......... 8.0 89.0 1.804 I . . . . . .. 104.8 
36 JDecember 20 . .. . .•..... ..... . . ........ . . 8.0 88.0 1.793 I ..... . . 109.4 
37 JDecember 20 ...... . . . .......... . ........ 6.75 90.0 1.543 I ....... 108.0 
38 jDecember 21 . . . . .... .. ........ . ...•... .. , 8.0 74.4 l.~52 I .. ... .. 97.2 
39 jDecember 22 . . ........ ... . . . ............ 7.0 92.3 l.024 I ...... . 105.3 I Average ......... . . ......•.. .. ..... 7.49 I 91.68 I 1.63 I ..... . . 106.0 
B-BAGASSE ALONE-FROM DRIER. 
I I 
l jNovember 15 ... . ....... . . . .... ... ..... . . \ 
2 \November 16 .........•..... . ..•......... 
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if /E!!!EE! it.·· .. : ..... · .. ·_ .... · . ·.-·.. · .. ·.-· .. · . ·. .-.. ........ -..  _ ........ ..... · .. ··1· J..i5
5 I :!L6 ; .. -................ 1· f i!i I iii: I .-iii ( i!i II 
17 /December 2.... .. . . .. . . . .... .. . . . . ... . . 7 84 
f .... . .. 107.0 160.7 .096 500 
18 /December 3....... .. . ... . . ............. 7 103.5 
/ · ..... . 110. 7 155.6 .071 435 
35 /December 19......... .. . .. . ............. 6.6 6 64.2 
. . . . . . . 109.0 122.1 .083 I ...... . 
f Average . .. .. . .. ...... . .. . .... . .. .. 5.41 82.4 









48.61 63. 9 46.1 57.8 
46.1 76 
43. 7 52.5 
43 57.4 
47.4 ..... . 
44.5 62.14 
C--OIL AND BAGASSE BURNED TOGETHER. BAGASSE WE
T. 
I I 27 jDecember 13 ..... .. ......... . . .•. ..... .. 10.0 132.0 0.98 14.75 103.2 158.1 31 jDecembe r 15 .... ............. .. ... . ..... 8.0 110.0 1.38 14.75 105.4 174.9 
32 jDecembe r 15 ..... .. .... . .. . ..... . .. ..... 8.0 127.0 1.49 
14.75 109.7 I 
165.3 
I Average . ........ . .. ............ .. . 9.3 123.0 
1.28 14.75 106.l 166.1 
D--OIL AND BAGASSE BURNED TOGETHER. BAGASSE FROM
 DRIER. 
I 
26 !Decembe r 12 . . .. .... . . ......... ....... . . 6.7 
34 jDecembe r 17 .... . .. . ....... . ........ . ... 6.0 
I Avera g e ... . ... . ........... . .... . .. 6.3 
E--OIL ONLY. 
24 ID~ce~ber 9 .. . . . ... ...... ... ~-. -. -.. - .-. -. --4 
25 December 10. . . . . . . . . . . • . . . • . • . . . . . . . . . . 8 
28 jD ecembe r 14. . . . . . . . . . . . . . . . . . . . • . . . . . . . 8 
29 ,Decembe r 14..... .. .. ........ .... ....... 8 
30 Decembe r 15 ........................ . .. . 




104.5 1. 77 14.7 5 95.3 158.5 
97.2 1.77 I 14.75 108.8 188.9 
100.8 1.77 I 14.75 I 102.0 173.7 
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.111 566 54.6 31.58 
.171 552 64.6 44.8 
.14 6 540 55.0 47.9 
.143 553 54.7 41.4 
I I 
.061 I : : : : : : : I · .4.8: ~ . 46.6 .105 
I 
...... 
.083 ........ .... . .... .. 
-- ---· 
.152 489 ··· ··· 47.1 
.120 503 .. ... . 50.06 
.109 547 ...... 58.1 
.203 629 ...... 54.0 
.262 644 . . . ... 60.06 
.169 52 4.4 55.0 51.5 





I FURNACE DESIGNED FOR OIL BURNING. 
Poplar Grove .. . 
Poplar Grove . . . 
Poplar Grove . . 
I I I I November 3, 1909 ........ 5.0 87.0 .. .... 14.36 78.0 71.0 .20 497.0 November 4, 1909 ........ 7.0 I 80.7 . ..... 15.09 82 .0 70.0 .1755 526 
ovember 5, 19 v~ ... . .... 6.5 73.2 I 14.95 78.2 71.0 .0575 445 .. . ... 
Catherine ..... . 
Catherine .. . .. . 
Average .... . ...... 6.0 80.3 ······ 14.80 I 
79.4 70.6 .144 489 
March 11, 1909 . . ..... . .. 10.0 88.8 ... ... 14.67 
I 
102.0 68.0 .125 585.5 
March 12, 1909 ..... . .... 10.0 80.3 . . .. .. 14.32 98.0 69.0 I .21 I 542 Average ..... . . .. . · I 10.0 84.? ...... 14.50 100.0 68.5 .167 I 563 
B-BAGASSE AND OIL BURNED TOGETHER. WET BAGASSE. 
Southdown . . . . · November 29, 1910 ....... 
-,-- I 
8.5 114.0 1.47 14.75 I 82.5 ·······I .11 532 
Southdown .... · November 30, 1910 . . ..... 8.0 144.2 1.41 14.75 I 82.0 .. . . . . ·I .120 594 
Southdown .. .. · December 1, 1910 . . .. . ... 7.9 124.9 1.76 14.75 I 77.4 ...... ·1 .106 526 
Average .......... . 7.88 119.22 1.54 14.75 I 95.54 . . . .... .116 551.66 
C-BAGASSE AND OIL BURNED IN SEPARA'l'E FURNACES. 
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SUMMARY. 
'l'he steam for atomizing varied from 2.25 % to 6.57% of the 
total steam generated by the boiler, with an average of 4.38%. 
The tests showed also that the per cent o{ steam for atomizing 
decreased as the per cent of the rated load increased; also that 
the amount of steam used in atomizing fuel depends largely 
Upon the manipulation of the burner, a white ftame requiring 
less than a transparent flame. Tests made to determine this 
showed an average of 28% les steam for atomizing with the 
wh· lte flam e than ·with the transparent ftame. 
Between the largest and smallest per cents of steam used for 
atomizing in the tests there was a difference of 4.32% of the total 
steam generated. Tl1is means a difference of 4.32% in fuel con-
sumption for a given output of steam by the boilers and shows · 
the necessity of using burners which will atomize the fuel with 
a small amount of steam, also the importance of .careful operation 
of the burner, with the idea of reducing the steam for atomizing 
to a minimum. 
. The poorest r esult in the evaporation of water per pound of 
011 Was 13.2 pounds, which result was accompanied by a wide 
o~en damper and a small load. Other poor r esults were obtained 
W~th very small draft, showing that best results were obtained 
With an intermediate draft intensity. The draft giving the best 
;;sults dep~nded also upon .the load, the best flue draft :arying 
om .175 mch of water with an 80% load up to .29 mch of 
water with a 123% load. 
The best efficiency was found to result, other conditions being 
equal, when the damper was closed to a point just short of a 
rolling of the fl ame in the back part of the setting, this being 
applicable to small or large loads. . 
The difference between flue draft and furnace draft was 
Practically constant for the tests giving the best r esults and was 
equ 1 · a to about .04 inch of water. 
h ~ased on the data from the tests, the 150 horse power 
t~rizontal r eturn tubular boiler tested would require a draft at 
a e base of the stack approximating .4 inch of water to carry 
n overload of 50 %. 
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The boiler efficiency with a 75% load and a wide open damper 
was 16.4'fc lower than the average efficiency in the tests where 
the damper was regulated in the best manner. 
The air supply for fuel oil burning should be carefully 
regulated, mainly by the use of a flue damper. 
The variation in load of the oil boilers in sugar houses · should 
be handled with as few boilers as possible in order that the 
balance of the boilers may be operated under constant conditions 
known to give good efficiency. 
The equivalent evaporation of water from and at 212 degrees 
per pound of oil varied from a minimum o.f 13.2 pounds to a 
maximum of 16.1 pounds in the Smithfield tests, the average 
being 14.93. ·H 
The average equivalent evaporation of water per pound of 
oil in tests where conditions were regulated to give best results, 
including 11 out of 23 tests, was 15.53. This is excellent practice. 
The average equivalent evaporation of water per pound of 
oil with the different forms of settings experimented upon were 
so nearly the same as to justify the conclusion that the different 
settings were practically equal in their efficiencies as regards 
evaporation. Setting No. 1, however, on account of its simplicity 
and ea e of construction may be regarded . as very desirable. 
The above conclusion adds weight to the contention that 
combustion chamber volume is ·the principal requirement for 
efficiency, all the changes in the Smithfield tests having been 
of a nature other than a (lhange of volume. 
In the tests to determine the relative merits of burning oil 
in the same furnace with bagasse and in specially designed oil 
furnaces separate from bagasse at Palo Alto the average equiva-
lent evaporation per pound of wet bagasse burned alone in a 
Dutch oven was 1.63 pounds, whereas the equivalent evaporation 
per pound of wet bagasse burned in the same furnace with oil was 
1.28 pounds, thus showing an evaporation per pound of bagasse · 
27.3 % great r when burned alone. 
'l'he evaporation per pound of dried bagasse when burned 
alone was 2.65 pounds, as against 1.77 'pounds when burned 
with oil, an increased evaporation of 37%, due to burning the 
bagass alone. These results are all based upon an assumed 
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evaporation of 14.75 pounds of water per pound of
 oil, this 
figure being based upon the average evaporation ob
tained in 
twenty-six boiler tests where oil was used as fuel. The
se results 
relative to burning oil and bagasse together were obtai
ned from 
tests at Palo Alto, though tests made at Southdown 
show the 
same results in a smaller degree. 
In the tests at Palo Alto where oil was burned alone 
in the 
bagasse Dutch oven the boiler efficiency was very low, th
e average 
being 55%, with an average evaporation from and at 21
2 degrees 
of 10.93 pounds of water per pound of oil. This r
esult was 
obtained with the best air regulation it was possible to
 get and 
s~ows the advisability of keeping up the load with on burned in 
ol} furnaces when the bagasse supply ceases, due to the
 stoppage 
of th e inill, rather than by burning oil in bagasse furnac
es. 
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